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ABSTRACT 
The parasitic copepod family Ergasilidae currently comprises 26 genera and more 
than 180 species, the great majority of which utilises marine, brackish and freshwater fishes 
as hosts. Thirty-three species of Ergasilidae were obtained from examination of the gills of 
more than 3000 grey mullet preserved in the collections of the Natural History Museum. 
These species represent nine current genera of the family Ergasilidae: Acusicola, 
Dermoergasilus, Diergasilus, Ergasilus, Paraergasilus, Nipergasilus, Paeonodes, 
Mugilicola and Therodamas. Complete descriptions of twenty-two new species and 
redescriptions of five existing species are given in the taxonomic part. The cosmopolitan 
species E. lizae has been erroneously identified by many authors, therefore the type material 
was redescribed giving new details that have significant taxonomic value and have been 
overlooked in previous descriptions. Subsequently a group of closely related species, 
including four new species was recognized and is referred to as the E. lizae-complex. 
The antenna of Ergasilidae is modified as an attachment organ securing the parasite 
to its host. The examination and description of antennae of 26 species representing virtually 
all of the 26 genera included in the family, provided information on the functional 
morphology and the homology of antennal segments. The results revealed that the antenna 
of Ergasilidae is 4-segmented plus a curved claw, and that the third endopodal segment was 
previously overlooked by most authors. The different attachment mechanisms are discussed 
in relation to the antennal structure in the Ergasilidae. 
The phylogenetic relationships between the members of Ergasilidae were analysed 
using cladistic techniques. A character matrix initially comprising 96 characters was 
constructed from the literature, for most of the species. The results of this analysis suggest 
that the existing system of four subfamilies is untenable and several of the existing genera are 
recognized as terminal apomorphies in long lineages, or are paraphyletic. 
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The biogeography of grey mullet hosts and the distribution patterns of the recorded 
ergasilids were analysed. The host specificity of each recorded species was also examined 
and it was concluded that many ergasilids exhibit a relatively low level of host specificity, 
with species tending to occur on a variety of hosts found in particular habitats. 
The co-evolutionary history of the Ergasilidae and the Mugilidae was examined in an 
attempt to examine the relative importance of co-evolution and colonization as processes 
influencing host specificity. A minimum of fifteen colonization events by ergasilids of 
mugilids as hosts was documented. This suggests that any basic coevolutionary pattern will 
have been greatly modified by colonization events (shifts in host groups). 
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CHAPTER I 
GENERAL INTRODUCTION 
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1.1 INTRODUCTION 
The family Ergasilidae is one of 46 families contained in the copepod order 
Poecilostomatoida, and one of eight families parasitizing fishes: Bomolochidae, 
Ergasilidae, Chondracanthidae, Philichthidae, Shiinoidae, Taeniacanthidae, Telsidae and 
Tuccidae (Huys & Boxshall, 1991). The Ergasilidae is unique in its biology: the naupliar 
and copepodid stages and the adult male ergasilids are free swimming throughout their 
lives, whereas the females, having mated during their free swimming phase, settle on the 
outer surface and, particularly on the gills of their hosts (Kabata, 1979). The Ergasilidae 
are characterized by their prehensile antennae which are modified in the form of powerful 
claws for grasping the host with a pincer-like action, and by the absence of the 
maxillipeds in the females (Kabata, 1979). The Ergasilidae currently comprises 26 genera 
and over 180 species, parasitic mainly on marine and freshwater teleost fishes, with the 
exception of one genus (Teredophilus) which lives in bivalve molluscs, and one species 
of Paraergasilus which utilizes the same host group. 
1.2 HISTORICAL REVIEW 
The history of this family begins with the description of the first two species of 
Ergasilus, E. sieboldi and E. gibbus, by von Nordmann (1832), but he did not create a 
family group taxon for Ergasilus. The family "Ergasilina" was first proposed by 
Burmeister (1835) and this family included other genera in addition to Ergasilus: 
Nicothoe Audouin & Milne Edwards, 1826, Bomolochus Nordmann, 1832, 
Lamproglena Nordmann, 1832, Anthosoma Leach, 1816, Dichelesthium Hermann, 1804 
and Nemesis Risso, 1826. The last three genera were grouped in a separate division B of 
Ergasilina, the remaining genera constituting division A. The members of the two 
divisions were distinguished by the structure of the mouth, those of division A having 
short, slightly protruding mouths, without a proboscis, while those belonging to division 
B had mouths of a definite proboscis type. The well known Danish researcher Kroyer 
(1837-1838) adopted Burmeister's concept of the family, adding several species and 
contributing to knowledge of the group by his discovery of the males of Ergasilus. 
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Edwards (1840) created for Ergasilina a new family name "Pachycephala" , 
he 
divided the family into two tribes `Ergasiliens" which was restricted to Ergasilus, 
Bomolochus and Nicothoe; and "Dichelesthiens" which included the remaining genera. 
The name Ergasilidae was used in its modem form by Baird (1850) and Dana 
(1852,1853). Dana created a tribe (= suprafamily) Ergasiloidea, consisting of three 
families: Monstrillidae, Ergasilidae and Nicothoidae. Dana was the first to express doubts 
about affinities with Bomolochus. In Thorell's work (1859) Ergasilidae was placed in the 
Poecilostoma and he added a new genus Lichomolgus associated with ascidians. In 1861, 
Pagenstecher described Thersites gasterostei, the type of Thersitina Norman still valid 
genus of Ergasilidae. 
Claus (1864), who looked at the morphology of the appendages in greater detail 
than most of his predecessors, saw clearly the unique position of Ergasilus . 
He was the 
first to reject Bomolochus and its relatives as members of Ergasilidae, he also denied any 
relationship to Nicothoe and did not accept Thorell's decision to include Lichomolgus in 
this family. 
The work of Claus was overlooked and the family Ergasilidae was retained as 
(Ergasilina) by Heller (1865), who included Ergasilus, Bomolochus, Doridicola Leydig, 
1835, Thersites, Lichomolgus, Artrotrogus Boeck, 1860, Asterocheres Boeck, 1860 and 
Nicothoe. Gerstaecker (1866-1879) included more genera in the family, but he divided 
the genera according to the position of the mouth, separating Ergasilus and Thersites 
(mouth near the centre of ventral surface of cephalothorax) from the other genera 
(mouth in anterior position). 
The first worker of the 20th century to revise the Ergasilidae was Wilson (1911), 
who subdivided it into three subfamilies: Ergasilinae, Bomolochinae and 
Taeniacanthinae, based on the antennae and maxillipeds. The Ergasilinae was defined on 
the basis of the clasping antenna ending with a single claw and absence of a maxilliped in 
females. Wilson's Ergasilinae contained three genera: Ergasilus, Thersitina and 
Macrobrachinus Hesse, 1871. 
Sars (1918) removed the genus Bomolochus from the family, which then 
comprised three genera: Ergasilus Nordmann, Ergasiloides Sars and Thersitina 
(=Thersites Pagenstecher). Ergasiloides was reduced to a synonym of Ergasilus by 
Fryer (1968 ). Wilson later (1932) concluded that his three subfamilies of Ergasilidae 
should be elevated to full familial status. 
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Increased knowledge of these copepods and the discovery of numerous new 
members of the family has resulted in many amendments to the family diagnosis. 
Morphological features such as the structure and armature of the swimming legs, the 
structure of the antenna and the shape of the cephalothorax, constitute the most common 
discriminants at the specific level (Kabata, 1979). 
Thatcher and Boeger (1983a) divided the family Ergasilidae to two subfamilies: 
Ergasilinae and Abergasilinae. The subfamily Ergasilinae contained all the Ergasilidae 
with four pairs of swimming legs, whereas the subfamily Abergasilinae included the " 
three legged" Ergasilidae, i. e. the genera Brasergasilus Thatcher and Boeger, 1983 and 
Abergasilus Hewitt, 1978 (leg 4 of Abergasilus was represented by a single seta, but 
Thatcher and Boeger did not notice it). The same authors later described a new genus, 
Rhinergasilus Boeger & Thatcher, 1988, with leg 4 represented by a seta, and they 
placed it in the subfamily Ergasilinae. 
Thatcher (1984) proposed a new subfamily Acusicolinae to include the genus 
Acusicola Cressey & Collette, 1970, with 5-segmented antennules, interlocking modified 
antenna and 2-segmented endopod of leg 1. Later Amplexibranchius was described by 
Thatcher and Paredes (1985) and placed in the same subfamily. 
Tripathi (1960) proposed a new family Therodamasidae to contain the 
mesoparasitic copepods with a long neck: Therodamas Kroyer and Paeonodes Wilson, 
1944, in addition to his new genus Mugilicola. Cressey (1972) indicated that the 
morphology of the appendages of Therodamas is typically ergasilid, and the neck-like 
separation of the anterior cephalic appendages from the mouthparts of Therodamas is 
unique to ergasilids. He suggested separating this genus from other ergasilids at the 
subfamily level. Boxshall (1986) described a new species of the family Therodamasidae 
and called attention to the different origins of the necks of Mugilicola and Paeonodes 
from that of Therodamas, he stressed the affinities of these genera with ergasilids, 
particularly the cephalic appendages and the absence of maxillipeds in adult females. 
Abdelhalim et al. (1993) and Amado (1992) both independently synonymized the genus 
Amazonicopeus Thatcher, 1986 with Therodamas Kreger, 1863. 
Amado et al. (1995) included the five Vaigamid genera in the family Ergasilidae, 
based on the results of the first cladistic analysis of the genera of the family Ergasilidae 
and related taxa. 
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Currently the family Ergasilidae is divided to four subfamilies: 
Subfamily Ergasilinae Nordmann, 1832 
Subfamily Therodamasinae Tripathi, 1960 
Subfamily Abergasilinae Thatcher & Boeger, 1983 
Subfamily Acusicolinae Thatcher, 1984 
Izawa (1987) suggested that the Ergasilidae should be removed from the 
Poecilostomatoida and placed in a separate order because of the profound differences in 
structure of the unusual ergasilid nauplii, a suggestion rejected by Huys & Boxshall 
(1991). 
The current accepted taxonomic position of the Ergasilidae is based on the classification 
of Huys & Boxshall (1991): 
Subclass Copepoda Milne Edwards 1840 
Infraclass Neocopepoda Huys & Boxshall, 1991 
Superorder Podoplea Giesbrecht, 1882 
Order Poecilostomatoida Thorell, 1859 
Family Ergasilidae Burmeister, 1835 
The genera and species currently included in the family Ergasilidae are listed in Chapter 
5. 
1.3 MORPHOLOGY 
Ergasilus exhibits a typical cyclopoid body morphology, with a few adaptations 
to parasitism, including the modified grasping antenna and the rasping mouthparts. The 
body is divided into two main functional regions: the prosome and the urosome (Figure 
1.1). 
1.3.1 Prosome 
The prosome consists of the cephalothorax and three free pedigerous somites. 
The cephalothorax is usually composed of cephalosome and first pedigerous somite 
(Figure 1.2) although a non functional articulation often separates the two parts. The 
cephalosome bears five pairs of appendages; antennules, antennae (modified as prehensile 
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organs), mouthparts including the mandibles, maxillules and maxillae. The maxilliped is 
absent in ergasilid females. 
1.3.2 Antennule 
The antennules of ergasilids are uniramous and short, the maximum 6-segmented 
antennule is exhibited by most ergasilids. A 5-segmented antennule is exhibited by 14 
genera: Acusicola, Amplexibranchius, Gamidactylus, Gamispatulus, Gamispinus, 
Prehendorastrus, Miracetyma, Therodamas, Diergasilus, Mugilicola, Paeonodes, 
Paraergasilus, Teredophilus and Thersitina, in addition to seven species of Ergasilus. 
The antennules are armed with setae and aesthetascs (Figure 1.3). 
1.3.3 Antenna 
The antenna is modified as a grasping organ for attachment to the host. The 
antenna of the Ergasilidae is uniramous; the exopod is absent as in the adult of all 
poecilostomatoida. The antenna is composed of coxobasis (fused coxa and basis) and 3- 
segmented endopod plus a curved claw (Figure 1.4). Most of the genera of Ergasilidae 
possess an antenna armed with a single apical claw. Some genera, Diergasilus, 
Thersitina, Gamidactylus, Gamispinus, and Gamispatulus, possess antennae armed with 
two claws, and the antenna of Paraergasilus is unique in being armed with three claws. 
The homology of the antennal segments and a description of the antenna for each of the 
26 genera in the family are presented in Chapter 4. 
1.3.4 Mandible 
The mandible of Ergasilidae is unsegmented and the proximal end is broader than 
distal end. It is armed distally with anterior, mid and posterior blades, the anterior blade 
is the smallest. The margins of the blades are equipped with sharp teeth (Figure 1.5A). 
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Figure 1.1. Ergasilus sieboldi Nordmann. Adult, dorsal view. Scale bars in micrometres. 
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Figure 1.2. Ergasilus sieboldi Adult, ventral view Scale bar in micrometres. 
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Figure 1.3. Ergasihis lizae Kroyer, antennule of adult female showing bases of setae and 
positions of aesthetascs. Scale bar in micrometres. Arabic numerals indicate expressed 
segments, Roman numerals indicate homology of distal segments. Scale bars in 
micrometres 
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Figure 1.4. Ergasilus paralizae n. sp., antenna of adult female. Scale bar in micrometres. 
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Figure 1.5. Ergasilus sittangenesis n. sp. A, mandible of adult female; Ergasilus lizae, B, 
maxilla of adult female. Scale bars in micrometres. 
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Figure 1.6. Ergasilus sittangenesis n. sp., adult female. A, maxillule; B, Ergasilus 
extefnsus n. sp., maxillule . 
Scale bars in micrometres. 
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1.3.5 Maxillule 
The maxillule is reduced and bilobed. The distal part or outer lobe usually bears 
two or three setal elements, the inner lobe bears small medial element (Figure 1.6A, B). 
1.3.6 Maxilla 
The maxilla is 2-segmented, with a large proximal segment (syncoxa) and a small 
distal segment (basis). The syncoxa is broad proximally and tapers distally, bearing a 
short seta near the anterodistal margin in some species. The basis is small, spatulate and 
armed with rows of sharp teeth (Figure 1.5B). A spinulate seta located proximally is 
present in some species, e. g. Ergasilus lizae Kreger. 
1.3.7 Maxilliped 
A maxilliped is present only in the free living ergasilid males. The parasitic 
females lack a maxilliped. 
1.3.8 Swimming legs 1-4 
Setal formula calculated according to Huys & Boxshall (1991: 28-29) 
Legs 1-4 are located on the ventral surface of the second (incorporated into the 
cephalothorax) to fifth thoracic somites. Each leg consists of coxa and basis, the latter 
bearing an outer seta on the posterior surface, and is biramous with primitively 3- 
segmented rami, (Figure 1.7A), except for the 2-segmented exopod of leg 4. A small 
number of species has been described with a 3-segmented exopod on leg 4 but in all 
cases the descriptions are incomplete and this character requires verification. 
Although the swimming legs of Ergasilidae are conservative, reduction of 
segments (oligomerization) occurs in many genera. For example the second and third 
endopodal segments of leg 1 often fail to separate, resulting in a 2-segmented endopod 
which provides a significant taxonomic character defining a group of nine Brazilian 
genera (Acusicola, Brasergasilus, Gamispinus, Gamidactylus, Gamispatulus, 
Pindapixara, Prehendorastrus, Vaigamus and Pseudovaigamus) in addition to 25 
Ergasilus species, from North and South America (Figure 1.7B). The armature of the 
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second endopodal segment is equivalent to the setae on the second and third endopodal 
segments combined. In more derived Brazilian genera, such as Amplexibranchius and 
Rhinergasilus, the number of setae on the endopodal segments is reduced, and in 
Miracetyma, the 2-segmented endopod is unarmed and the second endopodal segment is 
modified as an elongated rod. 
The second endopodal segment on legs 2 and 3 usually bears two setae, but in all 
Dermoergasilus species only one seta present, it is assumed that the proximal inner seta 
is absent. Some species of Ergasilus share this character e. g. E. briani Markevitsch. 
The fourth swimming leg is usually biramous in most of the Ergasilidae, but it is 
represented by a single seta in Abergasilus and Rhinergasilus, and is completely absent 
in Brasergasilus and Mugilicola. 
The exopod of leg 4 is 2-segmented in the majority of the genera (Figure 1.8A), 
with few exceptions. The exopod is reduced to only one segment in Ergasilus iherengi, 
Gamidactylus, Gamispatulus, Gamispinus, Vaigamus retrobarbatus, Paeonodes, 
Neoergasilus japonicus and N. squaliobarbi (Figure 1.8B). 
The endopod of leg 4 is 3-segmented in most of the Ergasilidae. In some genera 
it is reduced to 2-segments, this character being exhibited by the Brazilian genera: 
Gamidactylus, Gamispatulus, Gammispinus and Pindapixara, and it also defines a 
group of 12 Brazilian Ergasilus species. This 2-segmented fourth endopod is also 
exhibitd by three Ergasilus species from Eurasia: E. parabora, E. extensus, E. 
plecoglossi; three species of Neoergasilus: N. spinipes, N. squaliobarbi, N. 
ferozepurensis, Nipergasilus and Paeonodes subviridis. A 1-segmented endopod is 
expressed in Neoergasilusjaponicus. 
1.3.9 Fifth Leg 
The fifth legs are located laterally on the fifth pedigerous somite. The 
plesiomorphic state of the fifth leg within the Ergasilidae is represented by a protopodal 
segment bearing the outer protopodal seta; and a free exopodal segment bearing either 
three or two setae (Figure 1.9A-C). In more derived species the free exopodal segment is 
incorporated into the somite and is represented by a papilla. This commonly bears one 
seta (apical), and a second, dorsal seta (the protopodal seta) is often present (Figure 
1.9D, E). 
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Figure 1.7. Ergasilus lizae. A, leg 1 of adult female; B, Ergasilus ecuadorensis n. sp., leg 
1 of adult female. Scale bars in micrometres. 
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Figure 1.8. Ergasilus sittangenesis n. sp. A, leg 4 of adult female; B, Paeonodes 
subviridis n. sp., leg4 of adult female. Scale bars in micrometres. 
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Figure 1.9. Leg 5. A. Ergasilus parabora n. sp.; B, Ergasilus lizae; C, Ergasilus 
sittangenesis n. sp.; D, Ergasilus ecuadorensis n. sp.; E, Ergsilus piriformus n. sp. 
Scale bars in micrometres. 
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Figure 1.10. Ergasilus lizae, urosome of adult female, ventral view. Scale bars in 
micrometres. 
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Leg 5 was regarded as absent in Brasergasilus, Mugilicola and Paeonodes, but 
the present study revealed that leg 5 has been overlooked in all these genera and is 
represented by a seta in Brasergasilus and by two setae in Paeonodes, Mugilicola and 
Therodamas (see Chapter 2). 
1.3.10 Urosome 
The female urosome consists of a small fifth pedigerous somite, the genital 
double-somite and three free abdominal somites (Figure 1.10). The fifth pedigerous 
somite bears leg 5. The genital and first abdominal somites are fused to form the genital 
double-somite in females, which is usually barrel-shaped, but can be elongated in species 
of the genus Dermoergasilus. The free abdominal somites are fused to the genital 
double-somite to form a unit in Therodamas, but not in Paeonodes and Mugilicola as 
previously reported. 
1.3.11 Caudal rami 
The caudal rami are unsegmented and situated on the posterior margin of the anal 
somite. Each caudal ramus bears four setae in the adult female: a large medial seta, inner 
terminal seta located next to the medial seta, the outer terminal seta, and a posterolateral 
seta (Figure 1.10). 
1.4 PATHOLOGY 
Ergasilid copepods are important pathogens of fish. Despite their small size, an 
infestation on a single host fish can number thousands of individuals and be very 
pathogenic to the host (Kabata, 1985). Although Ergasilus is capable of attaching to the 
skin and fins of its host, its typical habitat is the gills. Damage inflicted to the gills is due 
both to the attachment of the parasite by its antennae and, to a greater extent by its 
feeding activities (Kabata, 1970,1981,1985). 
Histopathological studies on the gills infected by Ergasilus mirabilis Oldewage & 
van As, 1987, revealed that significant proliferation of gill tissue occurred and a definite 
hollow was observed in the area opposing the mouthparts of the parasite, which was 
41 
thought to be the result of its feeding (Oldewage & van As, 1987). The toothed 
mandibles and maxillae, which protrude from the oral complex of E. sieboldi, tear off gill 
epithelial tissues for ingestion. This erosion of the epithelium may result in exposure and 
haemorrhage of blood vessels (Abdeihalim, 1990). While attached, penetration of the gill 
filament by the antennae can cause deep lesions and the legs on the ventral surface of the 
parasites can also cause irritation of the epithelium. The mobility of Ergasilus also adds 
to the damage, each individual being capable of occupying several attachment sites in the 
course of its life (Kabata, 1985). 
The pressure exerted by the parasites attached on lateral margins of the gill 
filaments causes fusion of the lamellae (Rogers, 1969; Thatcher & Boeger, 1983b, c; 
Oldewage & van As, 1987, Abdelhalim, 1990). Necrosis occurs where the pincer-like 
action of the antennae constricts the blood vessels and prevents blood reaching the distal 
part of the filament (Abdelhalim, 1990). The tourniquet effect exerted by the latching 
antennae of Acusicola also leads to necrosis (Thatcher & Boeger, 1983c; Thatcher, 
1998). The tissue reaction of the host includes mucous cell proliferation and hyperplasia 
of the respiratory epithelium, (Paperna & Zwerner, 1976,1982; Thatcher & Boeger, 
1983 b, c; Thatcher, 1998; Oldewage & van As, 1987; Abdelhalim, 1990). 
Ergasilid copepods other than Ergasilus also show similar pathology: 
Abergasilus causes hypertrophy of the gill epithelium so that the ends of some filaments 
become club-shaped as a result of the infection (Hewitt, 1978). Brasergasilus, Acusicola 
and Miracetyma also cause hyperplasia and atrophy of secondary lamellae of the gill 
filament (Thatcher & Boeger, 1983c; Thatcher, 1991; Thatcher, 1998). Neoergasilus 
eroded the epidermis of the gill filament due to its feeding activity, and the attachment 
produced deep lesions, but it is less pathogenic than Ergasilus (Abdelhalim, 1990). 
The mechanical damage and tissue reaction leads to the reduction of blood flow 
through the gills, destruction of secondary lamellae, fusion and necrosis of gill filaments 
which decreases the respiratory and osmoregulatory function of the gills. As a result of 
the injuries, large erosions are produced, that result in continuos blood extravasation and 
general disorders in the circulation within the gills. These changes result in a chronic 
haemorrhagic anaemia and a reduction of the number of erythrocytes (Einsporn-Oreka, 
1973). Prolonged exposure to ergasilids can significantly reduce the weight and the 
growth rate of the host (Kabata, 1970). 
42 
Parasitic copepods can have profound effects on their hosts resulting in serious 
economic losses (Cressey, 1983). In fish ponds, fishes are kept in under crowded and 
confined conditions and heavy infestation can build up, leading to serious mortalities 
(Fryer, 1982). Abdelhalim (1990) demonstrated that after wild tench and bream infected 
with E. sieboldi were introduced to an experimental cage rearing unit, the fish rapidly 
became infected especially during the summer months when transmission of the parasite 
was at its peak. High intensities of E. briani (108-509 per fish) occurred on fingerling 
tench in experimental tanks, and host mortality was often observed (Alston, 1994). 
There are many reports of fish being killed by Ergasilus in stocked reservoirs, 
fish farms and cages. Smith (1949) reported large number of fish dying in Westons Mills 
Reservoir, New Jersey. The parasite, E. caeruleus Wilson, 1911, was believed to be the 
indirect cause of the death of great number of bluegills and calico. Large mouth bass 
were infected with E. centrarchidarum Wright, 1882. Irritation of the gill tissue caused 
an excessive secretion of mucous, which may lower the efficiency of the gills. In Lake 
Shelby, Alabama, a natural lake stocked with bluegill sunfish, Lepomis macrochirus, 
redear sunfish L. microlophus; and largemouth bass Micropterus salmoides, became 
infected by E. lizae. The irritation, infection, and general occlusion of the gills resulting 
from the attachment of this parasitic copepod in all likelihood was more damaging to the 
fry and fingerling forms and quite possibly caused extensive mortalities (Kelly & Allison, 
1962). Severe emaciation of grey mullet population in fish ponds coupled with heavy 
losses due to infestation with E. sieboldi was reported by Lahav & Sang (1967). 
Approximately 4000 Atlantic Salmon Salmo salar, cultured in cages located near 
the mouth of River Saint John, Canada, died as a result of infection with Ergasilus 
labracis Kroger, 1863. Infected fish exhibited slow, weak swimming, gulping of air near 
the surface and darkening of the skin. A heavy mucous layer was observed on the gill 
surface of infected salmon. Death was apparently caused by suffocation and/or 
osmoregulatory failure resulting from severe hyperplasia of the gills (Hogans, 1989). 
According to Lin & Ho (1998) a mass mortality occurred in culture pond located in Chi- 
Ku Village of Tainan County, Taiwan, where about 9000 juvenile of Malabar reef-cod 
were cultured. For 15 days about three to four hundred dead fish were removed daily 
from the pond and found to be infected with Ergasilus lobus Lin & Ho, 1998. Another 
mass mortality occurred in a Taiwanese culture pond (about 100 fish died per day) and 
examination of the moribund fishes revealed that death was caused by parasitism by 
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Diergasilus kasaharai Do, 1981. More than 130 copepods could be removed from the 
gill filaments of an infected fish. The same parasite was found on Borneo mullet cultured 
together with Tilapia in a pond in Hu-Nei Village in Kaoshiung County, and two to three 
hundred mullet per day died for a week. The mullet swimming at the edge of the pond, 
were found to carry 500-1000 D. kasahrai on their gill filaments, which showed 
inflammation, necrosis and were coated with excessive amounts of mucous. 
1.5 HOST FAMILY, MUGILIDAE 
Grey mullet are euryhaline fishes, inhabiting fresh waters (rivers, lakes), brackish 
waters (estuaries) and coastal marine waters of the tropical and temperate regions of the 
world. Adult grey mullet usually migrate to the sea during the spawning season. 
Juveniles of the commercially important mugilid species are often caught as they enter 
fresh water and and are used for stocking aquaculture facilities. 
The family Mugilidae comprises two subfamilies, the primitive Agonostominae 
and the Mugilinae Jordan & Evermann, 1896, and currently comprising 14 genera and 64 
species (Thomson, 1997). The primitive mugilid subfamily Agonostominae comprises 
four genera, Agonostomus Bennett, Joturus Poey, Cestraeus Valenciennes and 
Aldrichetta Whitley. whereas the subfamily Mugilinae comprises 10 genera: Myxus 
Günther, Chaenomugil Gill, Mugil Linnaeus, Sicamugil Fowler, Rhinomugil Gill, 
Valamugil Smith, Crenumugil Schultz, Liza Jordan & Swain, Chelon Artedi, and 
Oedalechilus Fowler. Of the 14 genera of grey mullet deposited in the NHM collection 
12 genera were parasitized by Ergasilidae. The common grey mullet, M. cephalus, is a 
cosmopolitan species that has been recorded as host of over 40 species of parasitic 
copepods including six species of Ergasilidae (Ho & Do, 1982). 
1.6 AIM OF WORK 
The aim of the present work is to identify the parasitic copepods of the family 
Ergasilidae which occur on hosts belonging to the family Mugilidae; to analyse the 
phylogenetic relationships between the genera of Ergasilidae using modern cladistic 
techniques, and to analyse host-parasite relationships in terms of host specificity and the 
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pattern of colonization of grey mullet hosts by members of Ergasilidae. It is based 
primarily on the study of copepods removed from the gills of (over 3000) grey mullet 
contained within the extensive collections of the Natural History Museum, London. 
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CHAPTER 2 
ERGASILIDS RECORDED ON GREY MULLET 
(In The Natural History Museum Collections) 
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2.1 INTRODUCTION 
This chapter provides detailed taxonomic descriptions of the ergasilids recorded 
on grey mullet from as many different areas of the world as possible. The ergasilids 
investigated were obtained from the gills of over 3000 grey mullet held in the NHM 
collections. A total of 33 species belonging to the following nine genera has been 
recorded: Acusicola, Diergasilus, Dermoergasilus, Ergasilus, Paraergasilus, 
Nipergasilus, Paeonodes, Mugilicola and Therodamas. All these genera have been 
recorded before on grey mullet except Acusicola and Paeonodes. Of the 33 recorded 
species, 22 species are new to science: three new species of Acusicola, three new species 
of Dermoergasilus, 12 new species of Ergasilus, two new species of Paraergasilus, one 
new species of Paeonodes and one new species of Mugilicola. 
2.2 METHODS 
Infected gill filaments were removed and preserved in 70 % industrial methylated 
spirit. The copepods were removed carefully from the gill filaments, examined under the 
microscope, dissected and mounted in lactophenol. All drawings were made with the aid 
of a camera lucida using an Olympus BH-2 microscope equipped with Nomarski 
differential interference contrast and all measurements made with an ocular micrometer. 
The terminology proposed by Huys & Boxshall (1991) is adopted. In the spine and seta 
formula of the swimming legs Roman numerals and Arabic numerals are used for spines 
and setae, respectively. Scanning electron microscopy (SEM) was used to study fine 
details. Specimens for SEM were dehydrated through a graded acetone series, critical 
point dried, mounted on aluminum stubs, sputter coated with gold and viewed under an 
Hitachi S-800 SEM. 
2.3 Acusicola Cressey & Collette, 1970 
Differential diagnosis 
Cephalothorax oblong; first pedigerous somite either incorporated into 
cephalothorax or distinct. Antennule 5-segmented, with setal formula 12: 6: 4+ae: 2+ae: 
7+ae. Antenna 4-segmented bearing curved terminal claw; first endopodal segment 
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ensheathed within cuticular membrane; second endopodal segment modified proximally 
to receive claw of opposite antenna. Maxillule with two long setae and medial process. 
Endopod of leg 1 and exopod of leg 4, both 2-segmented. Leg 5 reduced either to small 
papilla bearing one seta, or two papillae located ventrally and dorsally, each bearing one 
seta. 
2.3.1 Acusicola spinuloderma El-Rashidy & Boxshall, 1999. 
(Figures 2.1 - 2.3) 
Type-material 
Female holotype (BMNH Reg. No. 1997.331); 95 female paratypes (Reg. Nos. 
1997.332-341). 
Type-locality 
Rio Tulito, Honduras. 
Type-host 
Agonostomus monticola (Bancroft). 
Other hosts 
Joturus pichardi Poey. 
Records of infected hosts 
Agonostomus monticola: River Cuyamol, Honduras (8 ý ); Rio Tulito, Honduras 
(58 9 ); Juan Venas, Costa Rica (5 9 ); River Inolino, Costa Rica (1 9 ); Motzorongo (18 
9 ); St. Lucia, Windward Islands (1 9 ); Misantla, Mexico (33 9 ). 
Joturuspichardi: Chirriqui lagoon, Panama (2 ? ); Honduras (4 ? ). 
Etymology 
The specific name refers to the spinules on the medial surface of the first 
endopodal segment of the antenna. 
Description of female 
Mean body length of alcohol-preserved specimens, from anterior margin of 
prosome to posterior margin of caudal rami, 1.02 ± 0.06 mm (n = 10 ), range 0.87-1.09 
mm. Mean body width 0.34 ± 0.02 mm, range 0.31 - 0.37 mm. 
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Body comprising prosome and urosome; prosome consisting of oblong 
cephalosome and four pedigerous somites decreasing gradually in width from anterior to 
posterior (Figure 2.1A). Boundary between cephalosome and first pedigerous somite 
indistinct, non-functional. Dorsal surface of cephalosome with circular and inverted T- 
shaped markings; ornamented with numerous integumental pores and both short (3.1-5.6 
µm) and long sensillae (9.3-17.5 µm). 
Urosome (Figure 2.1B) comprising fifth pedigerous somite, genital double-somite 
and three free abdominal somites. Fifth pedigerous somite short. Genital double-somite 
barrel-shaped and narrowing posteriorly; paired genital apertures oriented longitudinally 
on dorsal surface. Ventral surface of genital double-somite ornamented with curved rows 
and patches of acute spinules; rows also present along posterior margin and at 
posterolateral corners. Free abdominal somites of nearly similar lengths. Rows of 
spinules present on posteroventral margin of each abdominal somite. Dorsal surface of 
anal somite with pair of sensillae (9.5 pm length) anteriorly and pair of integumental 
pores posteriorly; rows of spinules present dorsally and laterally along posterior margin. 
Caudal ramus armed with long medial seta and two smaller lateral setae, all 
located on posterior margin, plus smaller seta located posterodorsally. Spinule rows 
present ventrally, anterior to setae, extending round posterolateral corners. 
Antennule (Figure 2.1 C) 5-segmented, tapering distally; first segment longest, 
approximately third total length. First segment bearing 12 setae plus single seta located 
on boundary between first and second antennulary segments. Setal formula, including 
boundary seta with armature of second segment: 12: 6: 4+ae: 2+ae: 7+ae. 
Antenna (Figure 2.1D) 4-segmented, comprising coxobasis and 3-segmented 
endopod. Coxobasis short with sensory peg at inner distal corner; with internal chitinous 
rib re-inforcements as illustrated. Proximal endopodal segment largest, about 5.5 times 
average width; medial margin spinules minute and widely spaced in proximal third, larger 
and conical along remainder of margin, but gradually decreasing in size both proximally 
and distally; median cone-shaped peg representing modified seta located two thirds of 
distance along margin (arrowed in Figure 2.1D); finger-shaped process present 
posteriorly at distal tip of first endopodal segment (Figure 2.3 B-D). Second endopodal 
segment modified to receive claw of opposite antenna; segment about two-thirds length 
of first endopodal segment. Third endopodal segment small, 8% length of second 
endopodal segment. Curved claw with small pit (fossa) distally on concave margin. All 
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endopodal segments more or less enclosed by membranous layer, particularly inflated 
around middle segment. 
Mouthparts (Figure 2.1E) comprising mandible, maxillule and maxilla; maxilliped 
absent. Mandible unsegmented, armed with two long blades anteriorly and one 
posteriorly: posterior margin on one blade and anterior margin on two other blades 
armed with acutely pointed teeth. Maxillule bearing slender element medially and two 
longer, pointed elements ventrally. Maxilla two-segmented: broad proximal segment 
(syncoxa) tapering distally, bearing short seta at postero-distal angle; distal segment 
(basis) narrow, spatulate, bearing rows of numerous curved teeth on anterior surface; 
articulation area between syncoxa and basis provided with folded cuticle. 
Swimming legs 1-4 (Figure 2.2 A-G) biramous and with separate coxa and basis 
ornamented as figured. Integumental pores near outer margin of coxa and on postero- 
medial inner surface of basis in legs 1 and 2. Outer setae on basis of legs 3 and 4 twice as 
long as those on legs 1 and 2. Interpodal plates of all legs spinulate. Rami 3-segmented, 
except for 2-segmented first endopod and fourth exopod. Armature of legs as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; 11,5 
Leg 2 0-0 1-0 1-0; 0-1; 1,6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 0-0; 5 
Endopod 
0-1; 11,5 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Outer margin spines on both rami spinulate; setae with short pinnules. Inner 
margin of first exopodal segment of all legs with setules. Undulating combs of short 
spinules present on posterior surface, adjacent to and on lateral margins of both rami of 
legs 1 and 2 (Figure 2.2A, B, Q. Rows of long, thin spinules often present anteriorly on 
distal and lateral margins of rami. 
Leg 3 (Figure 2.2D) with rows of widely spaced, coarse spinules anteriorly along 
distal and lateral margins of both rami except endopodal segment 3, where rows of long, 
thin spinules present. Posterior rows of spinules present along lateral margin of first 
exopodal segment (Figure 2.2E) and proximally on lateral margin of endopodal segment 
3 (Figure 2.2F). Leg 4 with long spinules on distal and lateral margins of exopodal 
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segments and endopodal segment 3; first endopodal segment with spinules on outer 
margin (Figure 2.2G). 
Leg 5 reduced to small papillae located ventrally and dorsally, each bearing one 
seta (Figure 2.1B). 
Remarks 
A. spinuloderma resembles a group of Acusicola species in possessing an oblong 
cephalothorax and in having the first pedigerous somite incorporated into the 
cephalothorax. This group comprises A. tenax (Roberts, 1965), A. rogeri Amado & 
Rocha, 1996 [=A. tenax (sensu Cressey & Collette (1970))], A. cunula Cressey & 
Collette, 1970, A. pellonidis Thatcher & Boeger, 1983, A. brasiliensis and A. 
paracunula Amado & Rocha, 1996. 
A. spinuloderma (0.87-1.09 mm) is relatively larger than A. tenax (0.73-0.83 
mm). The proportional lengths of the antennary segments differ: the second and third 
endopodal segments combined constituting less than half of first endopodal segment in A 
tenax but two-thirds the length in A. spinuloderma. The mechanism of antennal latching 
is similar in both species, with the terminal claw of each antenna fitting into a socket on 
the second endopodal segment of the opposing antenna. A. tenax also differs from the 
new species in the exopodal armature of legs 1 and 3. 
The armature of legs 1,2 and 4 of A. rogeri differs from that of A. spinuloderma. 
In addition, the fifth leg of A. rogeri is reduced to a single seta and the caudal rami are 
relatively longer than those of the new species. 
A. pellonidis resembles A. spinuloderma in the presence of an inverted T-shaped 
marking on dorsal surface of cephalothorax, sheath-like membrane around the antenna, 
two setae on the fifth leg, and in the armature of the swimming legs. However, A. 
pellonidis (1.03-1.23 mm) is larger than A. spinuloderma, the second and third 
endopodal segments of the antenna combined are less than half the length of the first 
endopodal segment, and the antennae latch together in a simpler way than in A. 
spinuloderma (i. e. the claw does not fit into a cavity on the opposite antenna). 
A. brasiliensis (0.57 mm) and A. paracunula (0.63 mm) are both smaller than A. 
spinuloderma. The second and third antennal endopodal segments combined are only a 
third and half as long as the first endopodal segment in A. brasiliensis and A. 
paracunula, respectively. The armature of the swimming legs and the fifth leg of A. 
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brasiliensis is similar to that of A. spinuloderma, but in A. paracunula the outer spine on 
the first and second exopodal segments of leg 2 is absent, and only a single seta is 
present on the fifth leg. 
In addition to these differences, the new species is distinguished from all known 
Acusicola species by the presence, on the antenna, of cuticular membrane ornamented 
medially with conical spinules at the level of the first endopodal segment. 
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Figure 2.1. Acusicola spinuloderma, adult female. A, dorsal view; B, urosome, showing 
leg 5, ventral; C, antennule; D, antenna; E, mouthparts. Scale bars in micrometres. 
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Figure 2.2. Acusicola spinuloderma, adult female. A, first swimming leg, anterior; B, 
rami of first swimming leg, posterior; C, second swimming leg, anterior; D, third 
swimming leg, anterior; E, first exopodal segment of leg three, posterior; F, third 
endopodal segment of leg three, posterior; G, fourth swimming leg, anterior. Scale bars 
in micrometres. 
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Figure 2.3. Acusicola spinuloderma, adult female. A, lateral view of female attached to 
the gill filament, showing constriction in the area encircled by the antenna (large arrow), 
and inflated region of gill epithelium with hyperplasia and atrophy of the secondary 
lamellae of the filament below attachment site (small arrows). B, lateral view showing 
details of ornamentation on female antenna; C, interlocking antenna; D, claw of right 
antenna located in a cavity on the opposite antenna. Scale bars: A, 167 µm; B, 67 gm; C, 
67 µm; D, 10 gm. 
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2.3.2 Acusicola joturicola El-Rashidy & Boxshall, 1999 
(Figures 2.4 - 2.5) 
Type-Material 
Female holotype (BMNH Reg. No. 1997.342); 53 female paratypes (BMNH 
Reg. Nos. 1997.343-352). 
Type-locality 
Chirriqui lagoon, Panama. 
Type-host 
Joturus pichardi. 
Records of infected hosts 
J. pichardi: Chirriqui lagoon, Panama (69 ? ). 
Etymology 
The specific name refers to the host. 
Description of female 
Mean body length (excluding caudal setae) 1.26 ± 0.08 mm, range 1.14-1.39 mm. 
Mean body width 0.54 ± 0.03 mm, range 0.48-0.58 mm. 
Cephalothorax inflated, with protruding frontal part (Figure 2.3A). Dorsal 
surface of cephalosome ornamented with inverted T-shaped marking, integumental pores 
and short (3.7-6.3 µm) and long sensillae (10.0-16.9 gm). Second to fourth pedigerous 
somites narrowing posteriorly. 
Genital double-somite barrel-shaped, slightly wider than long (Figure 2.3B). 
Ventral surface ornamented with patches of acute spinules and two irregularly 
interrupted rows of small spinules posteriorly. Free abdominal somites narrowing 
posteriorly. Spinule rows present posteriorly on ventral surface of free abdominal 
somites 1 and 2. Anal somite incised, with rows of spinules present on posterior margin 
and around lateral corners. Dorsal surface of anal somite with pair of sensillae (8.7 µm 
length) anteriorly and pair of integumental pores posteriorly. 
Caudal rami about as long as anal somite; each ramus with long medial seta, two 
setae posteroventrally, the shortest adjacent to medial seta, and outer seta on posterior 
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margin. Rows of spinules present along posterior margin, extending onto outer distal 
corners. 
Antennule 5-segmented, setal formula: 12: 6: 4: 2+ae : 7+ae (Figure 2.3C), 
number of setae on first segment treated as in previous species. 
Antenna 4-segmented (Figure 2.3D), comprising short coxobasis, 3-segmented 
endopod and small terminal claw; endopod enclosed by membranous sheath. Coxobasis 
with sensory peg at inner distal corner. First endopodal segment elongate, length about 
6.5 times average width; membranous medial margin ornamented with small spinules; 
cone-shaped peg located at two-thirds distance along medial margin. Second endopodal 
segment curved, with socket to receive claw of opposite antenna; the proximal part 
enclosed by pad-shaped, inflated membrane. Third endopodal segment very small, 
bearing small curved claw; small pit present distally on concave margin of claw. 
Membranous flap enclosing all antennal segments and covering most of outer margin of 
claw. 
Mouthparts comprising mandible, maxillule and maxilla as figured (Figure 2.3E). 
Spinulate interpodal plates present between swimming legs (Figure 2.4 A-E), 
outer seta on basis of leg four longest. Innermost seta on terminal endopodal segment of 
first leg thinnest and located close to inner spine. All legs ornamented anteriorly with 
spinules along outer margin of both rami; spinules present posteriorly on both rami of leg 
1. Armature formula as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; 11,5 
Leg 2 0-0 1-0 1-0; 0-1; 1,6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 0-0; 5 
Endopod 
0-1; 11,5 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Fifth leg reduced to two papillae, located dorsally and ventrally, each bearing one 
seta (Figure 2.3B). 
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Remarks 
The inflated body of A. joturicola resembles that of A. lycengraulidis Thatcher & 
Boeger, 1983 (cf. Thatcher & Boeger 1983) and A. rotunda Amado & Rocha, 1996 (cf. 
Amado & Rocha 1996) but its body length (1.14-1.39 mm) exceeds that of A. 
lycengraulidis (0.80-0.95 mm) and A. rotunda (0.96 mm). The cephalothorax of A. 
joturicola differs from the former species in the presence of a narrow, protruding frontal 
part. 
The antenna of A. joturicola is elongate, with the second and third endopodal 
segments together about half as long as the first endopodal segment, whereas in A. 
lycengraulidis and A. rotunda, these segments are nearly two-thirds the length of the 
first endopodal segment. 
The armature of leg 1 in both species differs from that of A. joturicola: the 
terminal exopodal segment has only four inner setae in A. lycengraulidis instead of five 
as in A. joturicola; the terminal endopodal segment of leg 1 bears three inner setae in A. 
lycengraulidis and four in A. rotunda, rather than five setae, as in A. joturicola. In 
addition, the terminal endopodal segment of leg 4 is falciform and the outer spine on the 
terminal exopodal segment is apparently absent in A. lycengraulidis. There is no outer 
spine on the terminal endopodal segment of legs 2,3 and 4 in A. rotunda. The segments 
terminate in a spiniform process in legs 2 and 3, whereas in leg 4, the terminal segment is 
falciform. 
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Figure 2.4. Acusicola joluricola, adult female. A, dorsal view; B, urosome, showing leg 
5, ventral; C, antennule; D, antenna; E, mouthparts. Scale bars in micrometres. 
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Figure 2.5. Acusicola joturicola, adult female. A, first swimming leg, and interpodal 
plate, anterior; B, rami of first swimming leg, posterior; C, second swimming leg, 
anterior ; D, third swimming leg; anterior; E, fourth swimming leg, anterior. Scale bars in 
micrometres. 
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2.3.3 Acusicola mazatlanesis El- Rashidy & Boxshall, 1999 
(Figures 2.6 - 2.7) 
Type-material 
Female holotype (BMNH Reg. No. 1997.353); female paratype (BMNH Reg. 
No. 1997.354). 
Type-locality 
Mazatlan, Mexico. 
Type-host 
Agonostomus monticola. 
Records of infected hosts 
A. monticola: Mazatlan, West Mexico (3 ). 
Etymology 
The specific name refers to the locality (Mazatlan) where the host was collected. 
Description of female 
Mean body length (without caudal setae) 0.93 ± 0.02 mm (n = 3), range 0.92- 
0.95 mm. Mean body width 0.34 ± 0.01 mm, range 0.33-0.35 mm. Cephalothorax 
oblong, dorsal surface of cephalic shield ornamented with sensillae (4.4-12.5 µm length) 
and inverted T-shaped marking. Boundary between cephalosome and first pedigerous 
somite indistinct. First pedigerous somite inflated; remaining pedigerous somites 
narrowing posteriorly (Figure 2.6A). 
Genital double-somite (Figure 2.6B) ornamented with numerous rows of spinules 
and two integumental pores ventrally and two rows along posterior margin. Free 
abdominal somites narrowing slightly posteriorly; ventral surface of each ornamented 
with row of acute spinules along posterior margin. Stout spinules present on ventral 
surface of anal somite and around lateral corners; dorsal surface with pair of long 
sensillae (12.5 pm length) anteriorly and pair of integumental pores. 
Caudal rami slightly wider posteriorly and longer than anal somite; each ramus 
armed with long medial seta, two smaller setae on posterior margin, plus dorsal seta. 
Rows of spinules present on posteroventral margin extending to corners. 
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Antennule 5-segmented (Figure 2.6C), tapering distally, setal formula: 12: 6: 
4+ae: 2+ae: 7+ae. 
Antenna 4-segmented (Figure 2.6D), comprising short coxobasis, 3-segmented 
endopod and curved claw. First endopodal segment 6.5 times as long as average width; 
membranous lining enclosing segment ornamented with rows of cone-shaped spinules 
medially; small claw-shaped peg located at two-thirds distance along medial margin. 
Second endopodal segment with socket to receive claw of opposite antenna, proximal 
modified part constituting half of segment. Third endopodal segment small bearing 
curved claw. Membrane enclosing segments inflated and lobate at distal end of first 
endopodal segment and around both second and third endopodal segments; claw not 
enclosed by membrane. 
Mandible, maxillule and maxilla as figured (Figure 2.6E). 
Swimming legs 1-4 (Figure 2.7 A-F) with the following armature formula: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; 11,5 
Leg 2 0-0 1-0 1-0; 0-1; 1,6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 0-0; 5 
Endopod 
0-1; 11,5 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Outer margin of both rami of all legs spinulate. Leg 1 with rows of spinules 
posteriorly as well as anteriorly. Large spinules present anteriorly on endopod of leg 4. 
Leg 5 reduced to dorsal and ventral papillae, each bearing single seta (Figure 
2.6B). 
Remarks 
This species can be distinguished from other Acusicola species by the possession 
of inflated, lobate cuticular membrane around the antenna. A. mazatlanesis resembles A. 
cunula (cf. Cressey & Collette 1970), A. paracunula Amado & Rocha, 1996 (cf. Amado 
& Rocha 1996) and A. tucunarense Thatcher, 1984 (cf. Thatcher 1984) in body shape. 
The total length of A. tucunarense (0.72 - 0.95 mm) is comparable to that of the new 
species, and both are larger than A. paracunula (0.63 mm) and A. cunula (0.65 mm). 
The second and third endopodal segments of the antenna together are nearly half the 
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length of the first endopodal segment in these three species, which is similar to the 
proportional lengths in A. mazatlanesis (40%). A. tucunarense, A. cunula and A. 
paracunula differ from A. mazatlanesis in respect to leg armature as follows: the outer 
spine on the first exopodal segment of legs 1,2 and 3 is absent in A. tucunarense and 
absent in legs 2 and 3 of A. cunula and A. paracunula; the outer spine on the distal 
exopodal segment of leg 2 is absent in A. tucunarense and A. paracunula; an outer spine 
is present on the terminal exopodal segment of leg 3 in A. cunula; four inner setae are 
present on the distal endopodal segment of leg 1 in A. cunula and A. tucunarense; five 
setae are present on the distal endopodal segment of legs 2 and 3 in A. cunula, and leg 5 
is a papilla bearing one seta in the three previous species whereas leg 5 in A. 
mazatlanesis is represented by two papillae, each bearing a seta. 
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Figure 2.6. Acusicola mazatlanesis, adult female. A, dorsal view; B, urosome, showing 
leg 5, ventral; C, antennule; D, antenna; E, mouthparts. Scale bars in micrometres. 
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Figure 2.7. Acusicola mazatlanesis, adult female. A, first swimming leg, anterior; B, first 
swimming leg, posterior; C, second swimming leg; anterior; D, endopod of second leg, 
posterior; E, third swimming leg; anterior; F, fourth swimming leg, anterior. Scale bars in 
micrometres. 
72 
2.4 Dernwergasilus Ho & Do, 1982 
Differential diagnosis 
Cephalothorax oblong; first pedigerous somite incorporated into cephalothorax. 
Antennule 6-segmented, with setal formula 3: 10: 5: 4+ae: 2+ae: 7+ae. Antenna 4- 
segmented bearing curved claw; base of antenna elevated on anterolateral pedestal; 
antennal segments ensheathed with varying thickness of loose, hyaline, cuticular 
membrane. Maxillule with two long setae, minute inner seta and medial process. Outer 
margin of first and second exopodal segments of leg 1 ornamented posteriorly with 
conical spinules. Second endopodal segment of legs 2 and 3 each with one seta. Leg 5 
comprising small protopodal segment with dorsal seta, and free exopodal segment with 
small lateral seta and two terminal setae. Genital double-somite either globular or 
elongate. First free abdominal somite variable in shape, usually more or less elongate. 
Distal margin of caudal ramus produced ventrally into digitiform process bearing small 
terminal seta. 
Key to species of Dermoergasilus. 
1 Genital double-somite elongate ........................................................................... 
2 
Genital-double somite short or ensheathed with membrane ................................. 
7 
2 Long anterolateral pedestal elevating base of antenna; loose, inflated 
cuticular membrane completely ensheathing antennal segments............ amplectens 
Short pedestal elevating base of antenna; cuticular membrane not completely 
ensheathing antennal segments ............................................................................ 
3 
3 Second exopodal segment of leg 4 with 6 setae .................. .... acanthopagri 
Second exopodal segment of leg 4 with 5 setae ................................................... 4 
4 First endopodal segment of legs 1 to 4 without inner seta ......................... mugilis 
First endopodal segment of legs 1 to 4 with inner seta ........................................ 5 
5 First abdominal somite about as long as wide; digitiform process on 
caudal ramus short. (Fig. 2.12D) ............................................... semiamplectens 
Length of first abdominal somite longer than wide; digitiform process on 
caudal ramus long ............................................................................................... 6 
6 Second plus small third endopodal segments of antenna long and 
thin. (Fig. 2.9B) ...................................................................... longiabdominalis 
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Second plus small third endopodal sgments of antenna short and 
thick (Fig. 2.22 A) ........................... varicoleus 
7 Genital-double somite ensheathed with cuticular membrane ........................ coleus 
Genital-double somite not ensheathed with cuticular membrane ......................... 
8 
8 Terminal endopodal segment of leg 1 with 5 setae; terminal exopodal segment of 
leg 2 with 5 setae; terminal endopodal segment of leg 2 with 3 setae.... semicoleus 
Terminal endopodal segment of leg 1 with 4 setae; terminal exopodal segment of 
leg 2 with 6 setae; terminal endopodal segment of leg 2 with 4 setae ................... 9 
9 Antennules widely separated; first endopodal segment of antenna fairly straight; 
cutcluar membrane ensheathing all antennal segments; lateral seta on leg 5 knob- 
like; folded membrane not present between urosomites ....................... intermedius 
Antennules not widely separated; first endopodal segment of antenna not straight; 
cuticular membrane limited, developed only around first endopodal segment of 
antenna; lateral seta on leg 5 not knob-like; folded membrane present between 
urosomites, (Fig. 2.16A, B; Fig. 2.17A; 2.19D) ........................................... curtus 
2.4.1 Dermoergasilus longiabdominalis n. sp. 
(Figures 2.8 - 2.11) 
Type-material 
Female holotype female (BMNH Reg. No. 1999.1318), 11 female Paratypes 
(BMNH Reg. Nos. 1999.1319-1329). 
Type-locality 
Calabato, Mindanao, Philippines. 
Type-host 
valamugil engeli (Bleeker), (as Mugil engeli Bleeker). 
Records of infected hosts 
V. engeli: Philippines (3 ý ). 
Etymology 
The specific name refers to the elongate urosome. 
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Description of female 
Mean body length 0.89 ± 0.08 mm, mean body width 0.24 ± 0.007 mm (n = 3). 
Cephalothorax constituting about half body length (excluding caudal setae); anterior part 
narrow, delimited by posterior margin of dorsal cephalic shield: ornamented with 
inverted T-shaped marking (Figure 2.8A). First pedigerous somite delimited by dorsal 
constriction visible in lateral view (Figure 2.8B) and with median longitudinal fold 
dorsally. Free second to fourth pedigerous somites narrowing posteriorly. Rostrum 
small, rectangular. Thick band of muscles extending from origin on midline to base of 
antennae (Figure 2.8C). 
Genital double-somite elongate, 1.2-1.5 times longer than first abdominal somite; 
anterior part wider than posterior; rows of spinules present ventrally in anterior part 
(Figure 2.8D). First free abdominal somite 1.5-1.7 times longer than wide, and nearly 1.5 
times longer than second and third abdominal somites and caudal rami combined, 
ornamented with row of spinules ventrally in anterior part. Second abdominal somite 
nearly as long as anal somite and caudal rami combined, with row of spinules ventrally 
along posterior margin. Anal somite deeply incised medially. Caudal rami nearly two- 
thirds length of anal somite, produced disto-ventrally into narrow digitiform process 
bearing minute terminal seta; process 2.4-2.8 times longer than caudal ramus; longest 
caudal seta armed with rows of spinules; two lateral setae longer than digitiform process. 
Antennule small, 6-segmented (Figure 2.9A), tapering distally, setal formula: 
3: 10: 5: 4+ae: 2+ae: 7+ae. 
Antenna 4-segmented (Figure 2.9B), comprising short coxobasis and 3- 
segmented endopod bearing curved claw. Base of antenna elevated, carried on strongly 
developed pedestal nearly half as long as coxobasis. Second segment (first endopodal 
segment) nearly twice as long as coxobasis. Second endopodal segment long, armed with 
small spine nearly at midlength of concave margin. Third endopodal segment very small. 
Second plus third endopodal segments together comprising nearly 85% length of first 
endopodal segment. Curved claw nearly two-thirds length of second endopodal segment, 
fitting into distal socket, located in cuticular membrane encircling first endopodal 
segment of opposing antenna. 
Mandible unsegmented, bearing two a nterior blades and one posterior; small 
anterior blade with teeth on anterior margin, posterior one with teeth on posterior 
margin. Maxillule as in generic diagnosis. Maxilla consisting of large syncoxa tapering 
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distally and small spatula-shaped basis, armed anteriorly with rows of sharp teeth (Figure 
2.10A). 
Legs 1-4 (Figures 2.10B; 2.11A, B) with all rani 3-segmented except 2- 
segmented fourth exopod. Basis with row of spinules along posterior margin in legs 2 to 
4. Lateral margins of both rami spinulate in all legs. Setules present on inner margins of 
first exopodal segments of all legs. Interpodal plates not ornamented (Figure 2.11 Q. 
Armature of legs as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; H, 5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 5 
Endopod 
0-1; 0-1; II, 4 
0-1; 0-1; 1,4 
0-1; 0-1; 1,4 
0-1; 0-2; 1,3 
Fifth leg 2-segmented, short protopodal segment bearing outer seta; free 
exopodal segment with 1 short lateral seta plus two terminal setae (Figure 2.10C). 
Other material examined 
Host: Valamugil engeli 
Locality: Tamatave, Madagascar (1 ). 
Variability: The single specimen is smaller than the type material from Philippines: body 
length 0.62 mm, body width 0.20 mm. 
Host: Valamugil cunnesius (Valenciennes), (as. Mugil perusii Valenciennes) 
Locality: Philippine Islands (8 9 ); Mangalore, India (2 9 ). 
Variability: The material from Valamugil cunnesius has a body length of 0.84 ± 0.02 
mm and the mean body width is 0.25 ± 0.02 mm (n = 8? ). The second endopodal 
segment of antenna comprises 70%-83% of the first endopodal segment length. The first 
free abdominal somite constitutes 69-78% of the length of the genital double-son-&e. 
The mean body length of the material from Manzabare is 0.90 ± 0.05 mm, and the mean 
body width is 0.26 ± 0.02 mm. 
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Remarks 
The new species shares the elongate urosome with D. mugilis, D. acanthopagri, 
D. amplectens, and D. varicoleus. D. mugilis Oldewage & van As, 1988 (on M 
cephalus L. from South Africa) differs from the new species in the apparent setation 
formula of the antennule but this needs verification, and in the setation of the swimming 
legs. The new species differs from D. acanthopagri Byrnes, 1986 in the antennulary 
setation and in the presence of 5 setae on terminal exopodal segment of leg 4 whereas 
the new species has six setae. 
The new species resembles D. amplectens (Dogiel & Akhmerov, 1952) (on 
Valamugil seheli (Forsskal) from Kerala, India (Ho et al, 1992) and Australia (Kabata, 
1992), on M cephalus L. from Russia, Japan and Australia (Dogiel & Akhmerov, 1952, 
Ho & Do, 1982, Kabata, 1992); and on Liza argentea (Quoy & Gaimard) from Australia 
(Kabata, 1992) in the setal formula of the swimming legs and in the ornamentation of the 
first exopodal segment of those legs. It differs from D. amplectens in antennulary 
setation and in having a first free abdominal somite that is longer than wide, whereas that 
of D. amplectens is only nearly as long as wide. The coxobasis of the antenna is carried 
on an elevated anterolateral process, but this is smaller than in D. amplectens. The caudal 
digitiform process of the new species is narrow and elongate whereas that of D. 
amplectens is wide and relatively short. A small terminal seta is present on the digitiform 
process in both species but was not reported in D. amplectens (it might have been 
overlooked in the original description). 
The new species is closely related to D. varicoleus Ho, Jayarajan & 
Radhakrishnan, 1992 (found on L. tade (Forsskal) from India by Ho et al., 1992) with 
which it shares the same leg setation and the elongate urosome, but it differs from the 
latter in the proportional lengths of the antennal segments (see Table 2.1). The tip of the 
digitiform process on the caudal ramus is rounded and bears a small seta; which is similar 
to that of D. varicoleus (but was not reported in the original description). The lateral 
caudal setae in the new species are longer than the digitiform process, whereas they are 
shorter than it in D. varicoleus. 
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Figure 2.8. Dermoergasilris longiabdominalis n. sp., adult female. A, dorsal view; B, 
lateral view; C, rostrum, ventral; D, urosome, ventral. Scale bars in micrometres. 
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Figure 2.9. Dermoergasilus longiabdominalis n. sp., adult female. A, antennule; B, 
antenna. Scale bars in micrometres. 
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Figure 2.10. Dermoergasilus longiabdominalis n. sp., adult female. A, mouthparts; B, 
first swimming leg, anterior; C, fifth swimming leg. Scale bars in micrometres. 
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Figure 2.11. Dermoergasilns longiabdominalis n. sp., adult female. A, second swimming 
leg; anterior, B, fourth swimming leg, anterior; C, interpodal plate of second swimming 
leg. Scale bars in micrometres. 
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2.4.2 Dermoergasilus semiamplectens n. sp. 
(Figures 2.12 - 2.15) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1340), 38 female Paratypes (BMNH 
Reg. Nos. 1999.1341-1378). 
Type-locality 
Sittang River, Burma. 
Type-host 
Sicamugil hamiltoni (Day). 
Records of infected hosts 
S. hamiltoni Sittang River (3N); Burma (4Y) 
Etymology 
The specific name refers to the urosome which resembles that of D. amplectens. 
Desescription of female 
Mean body length 0.70 ± 0.04 mm, range 0.65-0.77 mm. Mean body width 0.23 
± 0.01 mm, range 0.21-0.26 mm (n = 10). 
Cephalothorax oblong, slightly constricted at posterior third; dorsal surface 
ornamented anteriorly with inverted T-shaped marking (Figures 2.12A, B). Boundary 
between cephalosome and first pedigerous somite indistinct. Free second to fourth 
pedigerous somites narrowing posteriorly. Rostrum squarish, with six sensillae and three 
integumental pores (Figure 2.12C). 
Genital double-somite slightly shorter than three free abdominal somites 
combined; anterior part wider than posterior; ventral spinule row present at level of 
genital openings (Figure 2.12D). First free abdominal somite constituting about 55%- 
66% length of genital double-somite, just wider than long, and slightly longer than 
second and third free abdominal somites plus caudal rami combined; transverse row of 
spinules present ventrally in anterior third of somite. Second abdominal somite slightly 
longer than anal somite; row of spinules extending ventrally along posterior margin. Anal 
83 
somite incised medially and ornamented ventrally with incomplete row of spinules along 
posterior margin. 
Caudal rami (Figure 2.12D) slightly shorter than anal somite, armed ventrally 
with stout digitiform process bearing short seta, about 1.8 times longer than caudal 
ramus; two lateral setae longer than digitiform process. 
Antennule small, 6-segmented (Figure 2.13A), tapering distally, setal formula: 
3: 10: 5: 4+ae: 2+ae: 7+ae. Scar present on second antennulary segment possibly 
indicating missing seta. 
Antenna 4-segmented (Figure 2.13B), comprising coxobasis, three endopodal 
segments and curved claw. Base of antenna elevated on pedestal. Second segment (first 
endopodal segment) nearly 2.2 times longer than coxobasis (excluding pedestal elevating 
coxobasis), second and third endopodal segments together equal to 60 % length of first 
endopodal segment. Curved claw about two thirds length of second plus third endopodal 
segments combined; tip fitting into distal part of first endopodal segment of opposing 
antenna. Antennal segments enclosed by loose, hyaline, cuticular membrane. 
Mandible unsegmented, bearing three blades, anterior blade with teeth on anterior 
margin, distal blade larger, carrying teeth on posterior margin; posterior blade with teeth 
only on posterior margin. Maxillule lobate, surface ornamented with spinules, bearing 
two long outer setae, minute inner seta and tapering process medially. Maxilla consisting 
of large syncoxa tapering distally and small spatula-shaped basis, armed anteriorly with 
irregular rows of sharp teeth (Figure 2.14A). 
Legs 1-4 (Figures 2.14B, 2.15A-B) with all rami 3-segmented except 2- 
segmented fourth exopod. Basis with row of spinules along inner margin in legs 2 to 4. 
Lateral margins of both rami spinulate in all legs. Setules present on inner margin of first 
exopodal segment of all legs. Interpodal plates of legs spinulate (Figure 2.14B). Spine 
and seta formula of legs 1 to 4 as in D. longiabdominalis n. sp. 
Fifth leg 2-segmented; protopodal segment short with outer seta; free exopod 
with short lateral seta plus two setae of unequal length at apex (Figure 2.14C). 
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Other material examined 
Table 2.2. Dimensions (in mm) of D. semiamplectens from different localities. (N = 
number of specimens). 
Host Locality Body Length Body Width N 
Valamugil cunnesius China 0.66 mm 0.19 mm 1Y 
Liza subviridis (Valenciennes) Calcutta, India 0.75 mm 0.19 mm 1 
Liza parsia (Hamilton Buchanan) Calcutta, India 0.55 ± 0.02 mm 0.19 ± 0.01 mm 2 
Remarks 
The new species is closely related to D. amplectens. It possesses the same 
swimming leg setation, the first abdominal somite is about as long as wide, the base of 
the digitiform process on caudal ramus is wide, and the process itself is short. It differs 
from D. amplectens in the antennule setation and in the absence of the anterolateral 
pedestal on the cephalon which causes the antenna to appear to be 5-segmented, as in D. 
amplectens. The minute seta on the digitiform process on the caudal ramus in the present 
species was overlooked in other descriptions of D. amplectens (cf. D. amplectens Figure 
2.20C). 
The new species differs from D. varicoleus in the proportional lengths of the first 
free abdominal somite and the genital double-somite: it represents up to two-thirds of the 
genital double-somite length in the new species, but about three-quarters in D. 
varicoleus. The first abdominal somite is nearly as long as wide in the new species, 
whereas it is 1.7 times longer than wide in D. varicoleus. The digitiform process on the 
caudal ramus is relatively longer in D. varicoleus. 
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Figure 2.12. Dermoergasilus semiamplecterns n. sp., adult female. A, dorsal view; B, 
inverted T-shaped marking; C, rostrum, ventral; D, urosome, ventral. Scale bars in 
micrometres. 
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Figure 2.13. Dermoergasihis semiamplectens n. sp., adult female. A, antennule; B, 
antenna. Scale bars in micrometres. 
87 
C 
p 
'J 
N 
Ul 
Y {ýýý-ý --mot 
A 
Figure 2.14. Dermoergasihis semiamplectens n. sp., adult female. A, mouthparts; B, first 
swimming leg and interpodal plate, anterior; C, fifth swimming leg. Scale bars in 
micrometres. 
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Figure 2.15. Dermoergasilus semiamplectens n. sp., adult female. A, second swimming 
leg; anterior; B, fourth swimming leg, anterior. Scale bars in micrometres. 
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2.4.3 Dermoergasilus curtus n. sp. 
(Figures 2.16 - 2.19) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1628). 
Type-locality 
Alahabad, India (1 ) 
Type-host 
Rhinomugil squamipinnis (Swainson), (as R corsula ) 
Etymology 
The specific name refers to the short urosome 
Description of female 
Body length 0.76 mm, body width 0.24 mm (n = 1). Cephalothorax oblong, 
ornamented with inverted T-shaped marking anteriorly (Figure 2.16A). Free second to 
fourth pedigerous somites narrowing posteriorly. 
Genital double-somite globular, wider than long, nearly 2.2 times longer than first 
free abdominal somite, and nearly as long as second and anal somites combined; three 
transverse rows of spinules present ventrally (Figure 2.17A). Folded membrane present 
between genital double-somite and following somite. First abdominal somite nearly twice 
as wide as long; ventral spinule row present along posterior margin; folded membrane 
present between first and second abdominal somites. Second somite nearly twice as wide 
as long, with ventral row of spinules along posterior margin. Anal somite 1.5 times wider 
than long, incised medially, ventral row of spinules present along posterior margin. 
Caudal rami produced distally into digitiform process bearing minute terminal seta, 
process nearly twice as long as ramus; long medial seta on posterior margin armed with 
rows of spinules; two lateral setae shorter than digitiform process. 
Antennule small, 6-segmented (Figure 2.17B), tapering distally; setal formula: 
3: 10: 5: 4+ae : 2+ae: 7+ae. 
Antenna 4-segmented (Figure 2.16B), comprising coxobasis, 3-segmented 
endopod and curved claw. Coxobasis on slightly elevated pedestal. Second segment (first 
endopodal segment) nearly 1.8 times longer than coxobasis, long second plus third 
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endopodal segments together comprising about 70% of length of first endopodal 
segment; curved claw about three quarters length of second plus third endopodal 
segments combined; antenna with slightly loose cuticle developed around first endopodal 
segment only. 
Mandible unsegmented, bearing anterior, distal and posterior blades, teeth 
present on anterior margin of anterior blade and on posterior margin of posterior blade. 
Maxillule lobate, surface ornamented with spinules, bearing two outer long setae, minute 
inner seta and small process medially. Maxilla consisting of large syncoxa tapering 
distally and small, spatula-shaped basis armed anteriorly with rows of sharp teeth (Figure 
2.18A). 
Legs 1-4 (Figure 2.18B, 2.19A, B) with all rami 3-segmented except 2- 
segmented fourth exopod. Basis with row of spinules along posterior margin, except in 
leg 1. Lateral margins of both rami spinulate in all legs. Setules present on inner margin 
of first exopodal segment of all legs. Interpodal plates spinulate (Figure 2.19C). 
Armature of legs typical for genus (see D. longiabdominalis). 
Fifth leg 2-segmented; short protopodal segment bearing one seta; free exopodal 
segment with one short lateral seta plus two terminal setae (Figure 2.19D). 
Remarks 
This species differs from all other Dermoergasilus species except D. intermedius 
and D. semicoleus, in the restriction of the hyaline membrane to only around the first 
endopodal segment of the antenna, and by the small urosome with its short barrel-shaped 
genital double-somite and first free abdominal somite. The presence of zones of folded 
membrane between the genital double-somite, first abdominal, and second abdominal 
somites, might be interpreted as evidence that the urosomal configuration of this species 
is somewhat intermediate between Ergasilus and typical Dermoergasilus. 
The new species differs from D. semicoleus in the armature of the terminal 
endopodal segment of leg 1, which carries two outer spines and four inner setae instead 
of two spines and five setae. The terminal exopodal segment of leg 2 is armed with six 
setae in D. curtus compared to five in D. semicoleus, and the terminal endopodal 
segment of leg 2 carries a spine and four inner setae rather than a spine and three inner 
setae as in D. semicoleus. 
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The new species shares with D. intennedius the setation of the swimming legs; 
but it is relatively smaller (D. intermedius is 0.9-1.04 mm) and the anterior margin of the 
cephalothorax is different (in D. intermedius it is flat and the antennules are widely 
separated). The new species also differs in: the shape of the first endopodal segment of 
the antenna which is more curved than that of D. intennedius; the lateral seta on leg 5 is 
relatively longer than the knob-like lateral seta of D. intermedius; the folded membrane 
between the genital double-somite, and the first and second abdominal somites is absent 
in D. intennedius and the lateral caudal setae are shorter than the digitiform process, 
whereas they are of unequal lengths, with the outer being longer than the digitiform 
process, in D. intermedius. 
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Figure 2.16. Dermoergasilus curtus n. sp., adult female. A, dorsal view; B, antenna. 
Scale bars in micrometres. 
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Figure 2.17. Dermoergasilus curtus n. sp., adult female. A, urosome; B, antennule. Scale 
bars in micrometres. 
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Figure 2.18. Dermoergasilus curtus n. sp., adult female. A, mouthparts; B, first 
swimming leg, anterior; C, exopod of first swimming leg, posterior. Scale bars in 
micrometres. 
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Figure 2.19. Dermoergasihis curtus n. sp., adult female. A, second swimming leg, 
anterior; B, fourth swimming leg, anterior; C, interpodal plate of the second swimming 
leg; D, fifth swimming leg. Scale bars in micrometres. 
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2.4.4 Dermoergasilus amplectens (Dogiel & Akhmerov, 1952) 
(Figures 2.20 - 2.21) 
Vouchers 
30 females (BMNH Reg. No. 1999.1379 - 1401). 
Previous records 
This species was originally recorded from the mouth of River Tumen-Ula in 
Russia, on Mugil cephalus L. (Dogiel & Akhmerov, 1952). It has subsequently been 
recorded from Kojima Bay, Okayama, Japan, also on M cephalus by Ho & Do (1982); 
in many localities in Australia including the estuary of Serpentine Creek, Brisbane, on 
Liza argentea (Quoy & Gaimard), at the Mackay Fish Board, on Valamugil seheli 
(Forsskal), and the estuary of Tallebudgera Creek, southern Queensland, on M cephalus 
(Kabata, 1992), and in many localities in India including Veli Lake (estuarine), 
Trivandrum, on Etroplus maculatus (Bloch) and V. seheli, Neendakara (estuarine), 
Quilon, on Gerres steifer (Hamilton), Poonthura (estuarine), Trivandrum, on 
Hyporamphus xanthopterus (Cuvier and Valenciennes) and Chanos chanos (Forsskal), 
and the Killiyar River (freshwater), Trivandrum, on Megalops cyprinoides (Broussonet) 
(Ho et at, 1992). 
Present records 
Wakanoura, Japan (10 ý ); Tsu Shima, Japan (17 ý ); Kowie River, South Africa (3 
? ), all on Mugil cephalus. 
Remarks 
The specimens from Wakanoura, Japan are relatively small (0.91 ± 0.04 mm long, 
0.30 ± 0.02 mm wide), compared to those from Tsu shima (1.2 ± 0.2 mm long, 0.31 f 
0.01 mm wide). The markings on cephalothorax are the same as in other Dermoergasilus 
species (Figure 2.20A). The genital double-somite and the first abdominal somite have 
sclerotized cuticle and the two posterior abdominal somites are always reflexed 
anteriorly (Figure 2.20B). The caudal rami are wide and the digitiform process is nearly 
twice as long as the ramus (Figure 2.20C). The material differs from previous 
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descriptions in the presence of a minute terminal seta on the digitiform process, but this 
was probably overlooked by previous author. 
The pattern of swimming leg setation is the same as the previously described 
species, especially the characteristic leg 1 (Figure 2.20D). 
The present specimens have a 6-segmented antennule and the antenna is 
completely ensheathed with inflated membrane except for the claw. The coxobasis is 
elevated on a long anterolateral pedestal, and both anterior and lateral bands of muscle 
are visible (Figure 2.21A, B). 
The material from Kowie River, South Africa has a mean length of 0.94 ± 0.04 
mm, and mean width of 0.36 ± 0.004 mm. This material resembles the Japanese material 
but the anterolateral pedestal bearing the antenna is less well developed (Figure 2.21 Q. 
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Figure 2.20. Dermoergasihis amplectens, adult female. A, dorsal view; B, urosome, 
ventral; C, caudal ramus and digitiform process, lateral; D, first swimming leg, anterior. 
Scale bars in micrometres. 
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Figure 2.21. Dermoergasilus amplectens, adult female. A, antenna, dorsal; B, antenna, 
lateral; C, antenna, ventral. Scale bars in micrometres. 
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2.4.5 Dermoergasilus varicoleus Ho, Jayarajan & Radhakrishnan, 1992 
(Figure 2.22) 
Vouchers 
20 females (BMNH Reg. No. 1999.1402-1421). 
Previous records 
This species was originally recorded on Liza Lade (Forsskal) from Veli Lake, 
Trivandrum, India (Ho et al., 1992). It was subsequently recorded on Liza abu (Heckel) 
from Iraq (Ho et al., 1996). 
Paratype material 
The paratype material (USNM, Reg. No. 254502) was rexamined. Body length 
range is 0.72-1.28 mm. The second endopodal segment of the antenna comprises less 
than 60% of the length of the first endopodal segment (Figure 2.22A). The first free 
abdominal somite constitutes nearly three-quarters the length of the genital double- 
somite. The digitiform process on caudal ramus is long and bears a minute terminal seta, 
which was not shown in the original description (Figure 2.22B). 
Present records 
Host 
Liza subviridis 
Locality 
Calcutta (10 ? ), Orissa (4 v ), Madras (3 ? ), Bombay (6 ? ). 
Variability 
Specimens from Calcutta and Bombay have body length range 0.58-0.78 mm 
which is smaller than that of the paratypes of D. varicoleus. 
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Figure 2.22. Dermoergasilus varicoleus, adult female A, antenna; B, anal somite and 
caudal rami. Scale bars in micrometres. 
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2.5 Diergasilus Do, 1981 
Differential Diagnosis 
Cephalothorax oviform. First pedigerous somite incorporated into cephalothorax. 
Free pedigerous somites narrowing posteriorly. Antennule 5-segmented, with setal 
formula 15: 5+ae: 4+ae: 2+ae: 7+ae. Antenna 4-segmented, tipped with two long claws. 
Maxillule with two long setae and medial process. Genital double-somite barrel-shaped, 
free abdomen 3-segmented. Caudal ramus carrying 4 setae. Swimming legs 1 to 4, 
biramous with 3-segmented rami, except for 2-segmented exopod of leg 4. Outer margin 
of rami spinulate. Leg 5 represented by two papillae, each bearing one seta. 
2.5.1 Diergasilus kasaharai Do, 1981 
Vouchers 
35 females (BMNH Reg. No. 1999.1330-1339). 
Previous Records 
Described for the first time by Do (1981) from the branchial cavity of Mugil 
cephalus in Kojima Bay, Okayama Prefecture, Japan, this species has subsequently been 
reported from Hu-Nei Village in Kaoshiung County, Taiwan by Lin & Ho (1998). 
Present record 
35 females were recovered from the posterior part of the operculum and the 
branchial cavity of Mugil cephalus from Wakanoura, Japan. 
Remarks 
The present material conforms closely with previously described material 
although the other specimens from Japan (mean body length 0.61 mm, range 0.59-0.65 
mm; mean width 0.25 mm, range 0.24-0.27 mm) and from Taiwan (mean body length 
0.59 mm, range 0.51-0.68 mm; mean width 0.30 mm, range 0.23-0.44 mm) were slightly 
103 
larger, with a mean body length of 0.48 ± 0.03 mm (range 0.44-0.52 mm) and mean 
width of 0.24 ± 0.02 mm (range 0.22-0.28 mm). 
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2.6 Ergasilus von Nordmann, 1832. 
2.6.1 Ergasilusparabahiensis El-Rashidy & Boxshall, 1999 
(Figures 2.23 - 2.24) 
Type-material 
Female holotype (BMNH Reg. No. 1997.355); 5 female paratypes (BMNH Reg. 
Nos. 1997.356-360). 
Type-locality 
Guyana. 
Type-host 
Agonostomus monticola. 
Records of infected host 
A. monticola: Guyana (10 9) 
Mugil curema Valenciennes: Guyana (15 9) 
M hospes (5 9) 
Etymology 
The specific name reflects the similarity of this species to E. bahiensis Amado & 
Rocha, 1995 (cf Amado & Rocha 1995). 
Description of female 
Cephalothorax inflated, constricted at middle, anterior half slightly bigger than 
posterior; frontal part of cephalosome bearing antennules and antennae, slightly elevated 
(Figure 2.23A). Mean body length 0.83 ± 0.05 mm, range 0.76 - 0.87 mm. Mean body 
width 0.34 ± 0.04 mm, range 0.30 - 0.40 mm. Boundary between cephalosome and first 
pedigerous somite marked by constriction; four pedigerous somites decreasing in width 
posteriorly. Ventral surface of area preceding first pedigerous somite ornamented with 
spinules. 
Genital double-somite (Figure 2.23B) with ventral surface ornamented with rows 
of conical spinules anteriorly, rows of acute spinules elsewhere and with two rows along 
posterior margin. Free abdominal somites decreasing in width posteriorly; first and 
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second nearly equal in length; anal somite two-thirds length of second somite, deeply 
incised. Posteroventral margin of abdominal somites ornamented with one row of 
spinules (first and anal somites) or two rows (second somite). 
Caudal rami as long as anal somite; curved row of conical spinules on ventral 
surface extending near posterior and medial margins; each ramus armed with large 
medial seta, two setae ventrally and seta at outer corner. 
Antennule 6-segmented (Figure 2.23C), tapering distally, second segment largest; 
setal formula as follows: 3: 13: 5: 4+ae: 2+ae: 7+ae. 
Antenna small, 4-segmented with curved terminal claw (Figure 2.23D). 
Coxobasis short, widest proximally; outer cuticular membrane of coxobasis not inflated; 
second segment (representing first endopodal segment) about 2.5 times average width; 
armed with peg seta two-thirds of distance along medial margin. Third segment (second 
endopodal segment) nearly two-thirds as long as first endopodal segment, armed with 
one curved spiniform element proximally and one distally on inner margin. Fourth 
segment (third endopodal segment) small, bearing long claw nearly as long as second 
endopodal segment. 
Mandible (Figure 2.23E) with one short and one long blade anteriorly, 
ornamented with long teeth posteriorly; posterior blade with short, smooth teeth along 
posterior margin. Maxillule small with three setae and small medial element, surface of 
limb ornamented with minute spinules anteriorly (Figure 2.23F). Maxilla comprising 
large syncoxa with row of minute spinules; second segment (basis) spatula-shaped, 
bearing long, sharp teeth anteriorly and spinulate seta close to articulation with syncoxa. 
Legs 1-4 (Figure 2.24A-C) ornamented with row of spinules extending along 
outer anterior margin of coxa and inner posterior margin of basis; interpodal plates with 
row of spinules. Outer margins of both rami partially or completely covered with rows of 
spinules; outer margin of first endopodal segment of legs 2 and 3 setulate. Armature 
formula as follows: 
Coxa basis Exopod 
Leg 1 0-0 1-0 1-0; I-1; 11,5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 5 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
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Fifth leg (Figure 2.24D) short, bearing seta at base of free segment, two setae 
located distally (long apical and shorter sub-apical) and one small seta laterally on free 
segment. 
Remarks 
This species is closely related to E. bahiensis found on Mugil curema, from 
Bahia, Brazil, and E. atafonensis Amado & Rocha, 1995 found on M curema, Mugil 
trichodon Poey, Mugil cephalus (as M platanus Günther), M hospes (as M. 
gaimardianus Poey), and Mugil liza Valenciennes, from different localities in Brazil 
(Amado & Rocha 1995). The new species differs from E. bahiensis in legs 4 and 5. The 
second exopodal segment of leg 4 bears five setae instead of four. Leg 5 is markedly 
longer than that of E. bahiensis and the relative lengths of the setation elements on the 
free segment are different. The spinules present on the caudal rami are located close to 
medial margin but do not extend between the rami. 
The antenna of E. atafonensis is more slender than that of the new species and 
the third antennal segment is nearly as long as the second. The interpodal plates of E. 
atafonensis are heavily spinulate compared to those of the new species. 
The new species also resembles E. mosulensis Rahimo, 1982 and E. barbi 
Rahimo, 1982 described from Iraq (Rahimo, 1982), and redescribed by Ho et al. (1996) 
which were found on Liza abu from Iraq. Both these species differ from the new species 
in the presence of a single seta on the second endopodal segment of legs 2 and 3. In 
addition, the outer spine on the second exopodal segment of the first leg is absent in E. 
mosulensis. 
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Figure 2.23. Ergasilus parabahiensis, adult female. A, dorsal view; B, urosome, 
excluding fifth pedigerous somite, ventral; C, antennule; D, antenna; E, mouthparts; F, 
maxillule. Scale bars in micrometres. 
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Figure 2.24. Ergasilus parabahiensis, adult female. A, first swimming leg, intercoxal 
sclerite and adjacent interpodal plates, anterior; B, second swimming leg, anterior; C, 
fourth swimming leg, anterior; D, fifth swimming leg, anterior. Scale bars in 
micrometres. 
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2.6.2 Ergasilus acusicestraeus El-Rashidy & Boxshall, 1999 
(Figures 2.25 - 2.26) 
Type-material 
Female holotype (BMNH Reg. No. 1997.361); 15 female paratypes (BMNH 
Reg. Nos. 1997.362-376). 
Type-locality 
Owen Stanley Range, Papua New Guinea (4000 feet). 
Type-host 
Cestraeus plicatilis Valenciennes. 
Record of infected hosts 
C. plicatilis: Owen Stanley Range, Papua New Guinea (18 ). 
Crenimugil crenilabis (Forsskal), (as Chelon crenilabis Oshima): Jordan River, 
New Hebrides (15 ? ). 
Etymology 
The specific name is derived from Acusicola, a genus with which it shares a 
similar method of attachment, and from the name of its host. 
Description of female 
Mean body length 0.98 ± 0.03 mm, range 0.93-1.10 mm. Mean body width 0.36 
± 0.02 mm, range 0.33-0.39 mm (n = 5). 
Cephalothorax inflated anteriorly, diminishing in width posteriorly (Figure 2.25A), 
constituting about half body length (excluding caudal setae). Dorsal surface of cephalic 
shield ornamented with a circle and inverted T-shaped marking. Boundary between 
cephalothorax and first pedigerous somite indistinct. Free second to fourth pedigerous 
somites narrowing posteriorly. 
Genital double-somite slightly longer than three free abdominal somites 
combined, anterior part wider than posterior; rows of spinules present ventrally (Figure 
2.25B). First free abdominal somite as long as second and third abdominal somites plus 
caudal rami combined; row of spinules present ventrally in anterior third of somite. 
Second free abdominal somite twice as long as anal somite, row of spinules present 
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anteriorly. Anal somite deeply incised, ornamented with pair of sensillae (4.4 µm length) 
anteriorly on dorsal surface. 
Caudal rami nearly as long as anal somite, armed with long medial seta, two 
smaller setae ventrally and one posterolateral seta; ornamentation consisting of scattered 
spinules on ventral surface. 
Antennule 6-segmented (Figure 2.25C), tapering distally, setal formula: 
3: 9: 5: 4: 2+ae: 7. 
Antenna 4-segmented (Figure 2.25D), comprising short coxobasis, three 
endopodal segments and curved claw. Coxobasis not inflated posteriorly. Second 
segment (first endopodal segment) 2.5 times as long as coxobasis, enclosed by unarmed 
membrane inflated medially but not inflated around proximal and distal ends of segment; 
armed with peg half way along inner margin. Third segment (second endopodal segment) 
long, straight, about 80% length of second segment, lacking inner spiniform elements. 
Fourth segment (third endopodal segment) very small, bearing minute seta anteriorly and 
curved claw, about half length of second endopodal segment. 
Mandible unsegmented, bearing small anterior and large middle blade and one 
long blade posteriorly. Maxillule lobate bearing two setae and small process medially. 
Maxilla consisting of large syncoxa tapering distally and small second segment (basis). 
Basis spatula-shaped, armed anteriorly with rows of sharp teeth (Figure 2.25E). 
Legs 1-4 (Figure 2.26A-F) with all rami 3-segmented except 2-segmented fourth 
exopod. Basis with rows of spinules along inner margins (except leg 1). Lateral margins 
of both rami spinulate. Setules present on inner margins of first exopodal segments of all 
legs and on outer margins of all endopodal segments of legs 2 and 4 and first endopodal 
segment of leg 3. Interpodal plates between legs spinulate. 
Armature of legs as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; I-1; II, 5 
Leg 2 0-0 1-0 1-0; 0-1; 1,6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 5 
Endopod 
0-1; 0-1; II, 4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
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Fifth leg 2-segmented, first segment short with one seta; second segment with 
lateral seta as long as that on first segment plus one short and one long setae at distal end 
(Figure 2.26G). 
Variability 
The spinules on the anal somite and the caudal rami in the material from New 
Hebrides are larger than those from Denawa 
Remarks 
This species resembles many species of genus Dennoergasilus in possessing 
cuticular membrane around the antenna but in the method of attachment to the gill 
filament it resembles Acusicola. The elongate urosome of the new species is also similar 
to that of D. acanthopagri Byrnes, 1986 found on bream from Australia (Byrnes, 1986) 
and D. varicoleus Ho, Jayarajan & Radhakrishnan, 1992 found on Liza abu from Iraq 
and on Liza tade from India (Ho et al., 1992). However, it differs from all described 
species of Dermoergasilus in lacking the digitiform process on the caudal rami and in 
retaining two inner setae on the middle segment of the endopods of legs 2&3. 
The presence of the digitiform process and the loss of one seta from the middle 
endopodal segment are characteristic apomorphies of Dermoergasilus. The present 
species exhibits only one of the three characteristics of Dermoergasilus; membrane on 
the antenna. The new species also resembles E. intermedius Kabata, 1992, described by 
Kabata (1992) from several Australian hosts, in the presence of enveloping hyaline 
membrane around the antenna and in the method of attachment, where the antennae 
encircle and interlock around the gill filament rather than grasp it by inserting the 
terminal claw. Kabata placed his species in Ergasilus despite the presence of the main 
three diagnostic features of the genus Dermoergasilus. He considered that it represented 
an intermediate stage between Ergasilus and Dermoergasilus. This species is here 
transferred to Dermoergasilus, since it shares all the apomorphies of this valid genus 
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Figure 2.25. Ergasilus acusicestraeus, adult female. A, dorsal view; B, urosome, ventral; 
C, antennule; D, antenna; E, mouthparts. Scale bars in micrometres. 
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Figure 2.26 Ergasilus acusicestraeus, adult female. A, first swimming leg, anterior; B, 
exopod of first leg, posterior; C, terminal endopodal segment of first leg, anterior; D, 
second swimming leg, anterior; E, third swimming leg, anterior; F, fourth swimming leg, 
anterior; G, fifth swimming leg, anterior. Scale bars in micrometres 
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2.6.3 Ergasilus australiensis Roubal, 1981 
(Figures 2.27-2.28) 
Vouchers 
Nine females (BMNH Reg. No. 1997.377-385). 
Records of infected hosts 
Aldrichetta forsteri (Valenciennes), Melbourne Market (3 ý ), Tasmania (3 ý ), 
Hobart Town (12 ý). 
Previous records 
E. australiensis was first discovered by Roubal (1981) from the bream 
Acanthopagrus australis (Günther) in northern New South Wales. Byrnes (1986) found 
the same species on the same host and on A. butcheri (Munro) and A. berda (Forsskal) 
from different Australian localities but he misidentified it as E. lizae Kroger 1863. Kabata 
(1992a) found this species on Toxotes chatareus (Hamilton Buchanan) from Queensland, 
Australia. He re-identified as E. australiensis the specimens described by Byrnes as E. 
lizae. 
Description of female 
Cephalothorax oblong (Figure 2.27A), mean body length 0.94 ± 0.01 mm (n = 3), 
in many specimens cephalothorax appearing transparent (as described by Byrnes (1986)). 
Genital double-somite (Figure 2.27B) wider than long, ornamented with spinules 
ventrally. Posterior margin of first and second free abdominal somites ornamented with 
row of long spinules. Anal somite deeply incised, row of spinules present on posterior 
margin. Caudal rami nearly as long as anal somite, each caudal ramus armed with four 
setae, shortest seta positioned closest to medial seta; rows of spinules present on 
posterior margin of each caudal ramus. 
Antennule (Figure 2.27C) 6-segmented, setal formula: 3: 13: 5+ae: 4+ae: 2+ae: 
7+ae: scar present on second and third antennulary segments. 
Antenna 4-segmented (Figure 2.27D) with short coxobasis bearing thin claw-like 
peg seta distally, cuticular membrane slightly inflated posteriorly; second segment (first 
endopodal segment) with small spine at two-thirds distance along medial margin; third 
segment (second endopodal segment) long, about 80% of second segment length, with 
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curved spine near mid level. Fourth segment (third endopodal segment) small, bearing 
minute seta anteriorly (Figure 2.27E) and another minute seta at base of curved terminal 
claw. Claw nearly half length of third segment. 
Maxillule (Figure 2.27F) with two long setae laterally and short rounded seta 
medially; surface ornamented with spinules. Maxilla with basis bearing long spinulate 
seta (arrowed in Figure 2.27F). 
Swimming legs 1-4 (Figure 2.28A-C) with square interpodal plates, each bearing 
row of conical spinules along concave posterior margin (Figure 2.27G). Spinules present 
anteriorly on coxae and posteriorly on bases of all legs (Figure 2.28A-C). Armature 
formula as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; 11,5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 1,5 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Outer margins of both ran-ii of all legs spinulate. Posterior seta on basis of leg 4 
as long as first exopodal segment; outer spine of first exopodal segment long and 
straight. 
Leg 5 (Figure 2.28D) with seta at base of free segment; two long setae distally, 
short seta midway along free segment. 
Remarks 
The present material resembles that described by Roubal (1981) in many aspects, 
such as body size and shape, and shape and ornamentation of the interpodal plates. There 
are differences in setation of the antennule and maxillule. The leg armature in Roubal's 
material is apparently different since Roubal (1981: Figure 72) shows two tiny outer 
spines on the terminal exopodal segment of leg 2, however, these structures were not 
found by Kabata (1992) in his re-examination of Roubal's material. Roubal and Kabata 
both interpreted the outer spines on terminal endopodal segments of legs 2,3 &4 as 
setae. Kabata also found that the setules described from the lateral corners of the basis of 
each leg by Roubal (1981) were internal structures functioning for muscle attachment. 
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Kabata also attributed the differences in shape of the interpodal plates and the 
smaller body size of his material to the differences in the ecology of the two hosts 
(Kabata's material came from freshwater fishes, whereas Roubal's material was marine). 
Roubal noted only two setae on the exopod of leg 5 but three are present. 
The present material differs from Kabata's in the shape of the interpodal plates, in 
antennulary setation and in the presence of an outer spine on terminal exopodal segment 
of leg 4. 
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Figure 2.27 Ergasilus australiensis, adult female. A, dorsal view; B, urosome, anterior; 
C, antennule, anterior; D, antenna; E, distal, part of antenna; showing third segment, 
anterior; F, mouthparts; G, interpodal plates, ventral. Scale bars in micrometres. 
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Figure 2.28 Ergasilus australiensis, adult female. A, first swimming leg, anterior; B, 
second swimming legs, anterior; C, fourth swimming leg, anterior; D, fifth swimming leg, 
posterior. Scale bars in micrometres. 
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2.6.4 Ergasilus extensus n. sp. 
(Figures 2.29 - 2.32) 
Type-material 
Female holotype (BNHM Reg. No. 1999.1422); female paratypes (BNHM Reg. 
Nos. 1999.1423-1425). 
Type locality 
Hawkesbury River, New South Wales, Australia. 
Type hosts 
Myxus petardi (Castelnau). 
Record of infected host 
Myxus petardi: Presby Great Reef (4 ý ); Hawkesbury River, New South Wales, 
Australia (24 ) 
Etymology 
The specific name refers to the posterior extensions of the urosomites. 
Description of female 
Mean body length 1.19 ± 0.08 mm, range 1.00-1.30 mm (n = 10), Mean body 
width 0.39 ± 0.03 mm, range 0.35-0.43 mm (n = 10). 
Cephalothorax oblong, slightly constricted at posterior third, constituting about 
half body length (excluding caudal setae). Dorsal surface of cephalic shield ornamented 
with circle and inverted T-shaped markings (Figure 2.29A). Free second to fourth 
pedigerous somites narrowing posteriorly. 
Genital double-somite slightly elongated posteriorly, anterior part wider than 
posterior; nearly twice as long as first free abdominal somite; rows of spinules present 
ventrally on surface of anterior part only, as figured (Figure 2.29B). First free abdominal 
somite elongate, nearly as long as second and third abdominal somites combined; row of 
spinules present on ventral surface marking division of somite into wide anterior part and 
narrow posterior extension. Second abdominal somite longer than anal somite, row of 
spinules extending along posterior margin. Anal somite incised medially, spinules present 
ventrally on posterior margin and laterally. Caudal rami nearly as long as anal somite; 
longest caudal seta ornamented with spinules; two small setae ventrally and longer seta 
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dorsally. 
Antennule 6-segmented (Figure 2.30A), tapering distally, first antennulary 
segment bearing two setae only; setal formula: 2: 10: 5: 4: 2: 6+ae. 
Antenna 4-segmented (Figure 2.30B), comprising relatively long coxobasis and 
3-segmented endopod bearing curved claw. Antennal segments enclosed by loose, 
unarmed cuticular membrane except distal endopodal segment and claw. Second segment 
(= first endopodal segment) nearly twice as long as coxobasis; proximal quarter of 
segment narrow and linear, distal part wider. Third (= second endopodal) segment 
curved, with small spine distally on concave margin; third endopodal segment very small. 
Second plus third endopodal segments together, comprising nearly two-thirds length of 
first. Curved claw about half length of segment, fitting into distal socket located in 
cuticular membrane of first endopodal segment of opposing antenna. 
Mandible unsegmented, bearing anterior, mid and posterior blades; anterior blade 
small with teeth on anterior margin; posterior with teeth on posterior margin only. 
Maxillule lobate, bearing two long outer setae, minute inner seta and small process 
medially. Maxilla consisting of large syncoxa tapering distally and small spatula-shaped 
basis, armed anteriorly with rows of sharp teeth (Figure 2.30C). 
Legs 1-4 (Figure 2.31A, B; 2.32A) with all rami 3-segmented, except 2- 
segmented rami of leg 4. Basis with rows of spinules along inner margin (except leg 1). 
outer seta present on posterior surface of basis of all legs. Lateral margins of both ran-ii 
spinulate. Setules present on inner margin of first exopodal segment of all legs. 
Interpodal plates spinulate (Figure2.32B). Armature of legs as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; 11,5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 0-0; 4 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-1; 1,4 
0-1; 0-1; 1,4 
0-1; 1,4 
Row of posterior spinules extending parallel to outer margin of segments of both 
rami of legs 1 to 3. Terminal segments of both rami of leg 1 with two curved outer 
spines (Figure 2.31 A). One inner seta only present on second endopodal segment of legs 
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I to 3. 
Fifth leg 2-segmented, protopodal segment short with outer seta; free exopodal 
segment with one short lateral seta and two terminal setae of unequal length (Figure 
2.32C). 
Remarks 
The new species exhibits an interesting mixture of features, some shared with 
species of the genus Dermoergasilus, and others such as the possession of 2-segmented 
rami on leg 4, characteristic of a group of Brazilian Ergasilus species in particular. The 
new species shares with all accepted species of the genus Dermoergasilus, the presence 
of interlocking antennae ensheathed with inflated cuticular membrane, and the presence 
of a single inner seta on the second endopodal segment of legs 2 and 3. The relatively 
elongate genital double-somite and first free abdominal somite also resemble most 
species of Dermoergasilus although in some members of the genus these somites are 
unmodified. The new species can be differentiated from true Dermoergasilus species by 
the absence of the digitiform process on the caudal ramus. In addition the 2-segmented 
endopod of leg 4 is not found in any Dermoergasilus species, which retain a 3- 
segmented ramus. 
The new species shares a 2-segmented endopod of leg 4 with the following 11 
Ergasilus species from Brazil: E. bryconis Thatcher, E. holobryconis Malta & Varella, 
E. hypophthalmi Boeger, Matins & Thatcher, E. hydrolycus Thatcher, Boeger and 
Robertson, E. jaraquensis Thatcher & Boeger, E. iheringi Tidd (1-segmented exopod), 
E. leporinidis Thatcher, E. triangularis Malta, E. urupaensis Malta, E. yumaricus Malta 
& Varella and E. turucuyus Malta & Varella. However, the setation of the 2-segmented 
endopod of leg 4 in the new species differs from that of these listed species: it comprises 
an outer spine and four inner setae on the terminal segment, whereas in the Brazilian 
group there are five inner setae plus an outer spine. The 1,5 setal formula of the Brazilian 
species undoubtedly is derived from the fusion of the original second (bearing 2 inner 
setae) and third endopodal segment (bearing three setae), whereas the setal formula 1,4 
of the 2-segmented endopod in the new species probably results from the loss of the 
proximal seta on the second endopodal segment of leg 4. In addition, the antenna of the 
new species is interlocking and ensheathed with a cuticular membrane, whereas the 
Brazilian species lack these features. 
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The second endopodal segment of legs 2 and 3 of the new species bears a single 
inner seta, whereas those segments in the Brazilian group of species each carry two setae 
and the endopod of leg 1 of the new species is 3-segmented, whereas in the Brazilian 
species it is 2-segmented. 
The new species shares with E. acusicestraeus n. sp. from Australia, the 
interlocking ensheathed antenna, the relatively elongate urosome and the plesiomorphic 
leg 5. The new species differs from E. acusicestraeus in the presence of only a single 
inner seta on the second endopodal segment of legs 2 and 3 rather than two setae, and 
the endopod of leg 4 is 2-segmented whereas that of E. acusicestraeus is 3-segmented. 
The new species shares the 2-segmented rami of leg 4 and the presence of one 
seta on the second endopodal segments of legs 2&3 with E. plecoglossi Yamaguti from 
Japan but the latter differs in numerous characters including: the inflated, rather than 
oblong cephalothorax; the small, naked, non-interlocking antenna which bears a large 
posterior process on the coxobasis, the setation of leg 4 rami, and leg 5 is a papilla tipped 
with two unequal setae (whereas in the new species it is 2-segmented and exhibits the 
plesiomorphic 1,3 setation pattern). 
The new species appears to be closely related to Nipergasilus and E. parabora n. 
sp., sharing the same setation of the swimming legs, and the 2-segmented leg 4. 
However, the two latter species differ from the new species in the structure of the 
antenna and the cephalothorax (see below). 
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Figure 2.29. Ergasilus extensus n. sp., adult female. A, dorsal view; B, urosome. Scale 
bars in micrometres. 
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Figure 2.30 Ergasilus extensus n. sp., adult female. A, antennule; B, antenna; C, 
mouthparts. Scale bars in micrometres. 
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Figure 2.31. F, rgasilris extejnsus n. sp., adult female. A, first swimming leg, anterior; B. 
second swimming leg , anterior. 
Scale bars in micrometres. 
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Figure 2.32. Ergasilns exte»sus n. sp., adult female. A, fourth swimming leg, anterior; B, 
interpodal plate of the first swimming leg; C, fifth swimming leg. Scale bars in 
micrometres. 
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2.6.5 Ergasilus sittangensis n. sp. 
(Figures 2.33 - 2.36) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1426); female paratypes (BMNH Reg. 
Nos. 1999.1427-1429). 
Type locality 
Sittang River, Burma. 
Type host 
Sicamugil hamiltoni (Day). 
Record of infected host 
Sicamugil hamiltoni, Sittang River, Burma (4? ) 
Etymology 
The specific name refers to the type locality. 
Description of female. 
Cephalothorax oblong (Figure 2.33A), first pedigerous somite not incorporated 
into cephalothorax. Mean body length 0.78 ± 0.05 mm, mean body width 0.24 ± 0.04 
mm (n = 4). Dorsal surface of cephalic shield ornamented with inverted T-shaped 
marking. Free second to fourth pedigerous somites narrowing posteriorly. 
Genital double-somite (Figure 2.33B) wider than long, rows of spinules present 
ventrally. First free abdominal somite slightly longer than second. Anal somite smaller 
than second somite, deeply incised. Posterior margin of all abdominal somites 
ornamented with spinule rows. Caudal rami 1.5 times as long as anal somite, irregular 
rows of spinules present ventrally: longest caudal seta armed with spinules. 
Antennule (Figure 2.34A) 6-segmented, setal formula: 3: 13: 5+ae: 4+ae: 2+ae: 
7+ae. 
Antenna 4-segmented (Figure 2.34B) with short coxobasis, second segment (_ 
first endopodal segment) nearly twice as long as coxobasis, armed with peg seta near 
midpoint of inner margin. Third (= second endopodal) segment curved, with small spines 
proximally and distally on concave margin; third endopodal segment very small, bearing 
minute seta anteriorly (Figure 2.34C). Second plus third endopodal segments together, 
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comprising nearly 75% of second segment length. Terminal claw strongly recurved, 
nearly 3/4 length of third segment, minute seta present posteriorly at base of claw (Figure 
2.34D). 
Mouthparts as in Figure 2.33C. Mandible unsegmented, bearing anterior, mid and 
posterior blades: small with teeth on anterior margin; posterior blade with teeth on 
posterior margin. Maxillule lobate bearing two long outer setae and small process 
medially. Maxilla consisting of large syncoxa, tapering distally, and small spatula-shaped 
basis, armed anteriorly with rows of sharp teeth. 
Swimming legs 1-4 (Figure 2.35A-C; 2.36A) with all rami 3-segmented, except 
2-segmented exopod of leg 4. Basis with row or rows of spinules along inner margin. 
Outer seta present on posterior surface of basis of all legs. Lateral margins of both rami 
spinulate. Setules present on inner margin of first exopodal segment of all legs. Setules 
present on outer margin of first endopodal segments of legs 2,3 and on all endopodal 
segments of leg 4. Two outer spines on terminal endopodal segment of leg 1 spatulate 
(Figure 2.35A). Posterior margin of interpodal plates of legs ornamented with large 
conical spinules (Figure 2.36B). Armature formula as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 I-0,0-1,11) 5 
Leg 2 0-0 1-0 1-0)0-11,6 
Leg 3 0-0 1-0 I-0,0-1,6 
Leg 4 0-0 1-0 I-0,075 
Endopod 
0-1; 0-1; 11,4 
0-1,0-1, I, 4 
0-1,0-2,1,4 
0-1,0-2, I, 3 
Fifth leg 2-segmented; protopodal segment short, with seta; free exopodal 
segment with two terminal setae of unequal length (Figure 2.36C). 
Remarks 
The new species is characterized by the loss of one seta from the second 
endopodal segment of leg 2 in combination with the retention of two setae on the same 
segment of leg 3. On the basis of published descriptions, this character is shared with 
only 5 species in the genus: E. polynemi Redkar, Rangnekar & Murti, 1952 (from India); 
E. mirabilis Oldewage & van As, 1986 (S. Africa); E. monodi Brian, 1927 (Africa); E. 
bagarii Kuang, 1983 (China) and E. leiocassi Xu, 1987 (China). 
129 
E. polynemi possesses an oval cephalothorax, whereas that of the new species is 
oblong. The setation of the terminal segments of both rami of all swimming legs also 
differs. E. mirabilis also differs from the new species in the setation of the swimming 
legs. In addition the proximal part of the second endopodal segment of the antenna is 
modified. The antenna of the new species is not modified. 
The new species shares with E. monodi an oblong cephalothorax and the setation 
of legs 2-4, but differs in the following: the antennulary setation, the shape of the first 
endopodal segment of the antenna (longer and thinner than in E. monodi) and the second 
exopodal segment of leg 1 lacks an outer spine (present in E. monodi) and the free 
exopodal segment of leg 5 has two terminal setae whereas it bears three setae in E. 
monodi. 
E. bagarii is larger (0.97-1.18 mm) than the new species and the first endopodal 
segment of the antenna is shorter and thicker. In E. bagarii leg 5 is represented by a 
basal seta and an apical seta on a large papilla, whereas in the new species it is 2- 
segmented with a basal seta and two terminal setae. 
Finally, E. leiocassi is similar to the new species in possessing a distinct first 
pedigerous somite and in bearing two terminal setae on leg 5. The setation of the legs is 
similar except E. leiocassi has an outer spine on the terminal exopodal segments of legs 
2,3 and 4. The second endopodal segment of the antenna is two-thirds the length of the 
first endopodal segment in E. leiocassi, compared to three quarters in the new species. 
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Figure 2.33. Ergasilus sittangensis n. sp., adult female. A, dorsal view; B, urosome, C, 
mouthparts. Scale bars in micrometres. 
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Figure 2.34. L garsilus sitlcuigeiisis n. sp., adult female. A, antennule, B, antenna; C, 
third endopodal segment of the antenna, anterior; D, third endopodal segment of the 
antenna, posterior. Scale bars in micrometres. 
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Figure 2.35. Ergasilus sittangensis n. sp., adult female. A, first swimming leg, anterior; 
B, second swimming leg , anterior; 
C, endopod of the third swimming leg, anterior. 
Scale bars in micrometres. 
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Figure 2.36. Ergasilus sittangensis n. sp., adult female. A, fourth swimming leg, anterior; 
B, interpodal plates of the swimming legs; C, fifth swimming leg. Scale bars in 
micrometres. 
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2.6.6 Ergasilus piriformus n. sp. 
(Figures 2.37 - 2.40) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1430); female paratypes (BMNH Reg. 
Nos. 1999.1431-1440). 
Type locality 
Calcutta 
Type host 
Sicamugil cascasia (Hamilton Buchanan) 
Record of infected hosts 
Sicamugil cascasia, Delhi (10 ? ), Calcutta (2 ? ). 
Etymology 
The specific name refers to the pear-shaped cephalothorax. 
Description of female. 
Cephalothorax inflated, pear-shaped (Figure 2.37A, B), tergite of first pedigerous 
somite conspicuous dorsally on posterior part of cephalothorax. Mean body length 0.68 
± 0.02 mm, mean body width 0.33 ± 0.02 mm (n = 5). Dorsal cephalic shield ornamented 
with inverted T-shaped and circle markings. Rostrum ornamented ventrally with four 
sensillae and three integumental pores (Figure 2.37C). Second to fourth pedigerous 
somites narrowing posteriorly. 
Genital double-somite (Figure 2.37D) subspherical, wider than long; just longer 
than free abdominal somites and caudal rami combined; ornamented ventrally with two 
curved rows of spinules near posterior margin. Second and third abdominal somites 
similar in length. Anal somite deeply incised, ornamented with paired rows of spinules 
ventrally. Caudal rami 1.5 times longer than anal somite; two oblique rows of spinules 
present; medial caudal seta longest; two setae located on distal margin and one just 
dorsal to distal margin. 
Antennule (Figure 2.38A), 5-segmented, located on small pedestal; setal formula: 
16: 5 +ae : 4: 2+ae: 7+ae. 
Antenna (Figure 2.38B) 4-segmented, with short coxobasis bearing large, 
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inflated, subspherical process extending laterally around entire coxobasis and first 
endopodal segment. First endopodal segment nearly twice as long as coxobasis. Second 
endopodal segment wider proximally, ornamented with pits; second and third endopodal 
segments together constituting 92% of first endopodal segment length. Claw small, 40% 
of segment length; ornamented with diagonal striations. 
Mouthparts (Figure 2.38C): mandible unsegmented, bearing anterior, mid and 
posterior blades; anterior blade small, with teeth on anterior margin; posterior blade with 
teeth on posterior margin only. Maxillule lobate, bearing three outer setae and small 
process medially. Maxilla consisting of large syncoxa tapering distally and small spatulate 
basis, armed anteriorly with rows of sharp teeth. 
Swimming legs 1-4 (Figure 2.39A, B, 2.40A) with all rami 3-segmented, except 
2-segmented exopod of leg 4. Basis of each leg ornamented with row of spinules along 
inner margin and bearing outer seta on posterior surface. Lateral margins of both rami 
spinulate. Setules present on inner margin of first exopodal segment of all legs, and on 
outer margin of endopodal segments of all legs. Posterior margin of interpodal plates 
ornamented with conical spinules (Figure 2.40B). Spine and seta formula as follows: 
Coxa Basis Exopod Endopod 
Leg 1 0-0 1-0 1-0; 0-1; I, 5 0-1; 0-1; 11,4 
Leg 2 0-0 1-0 1-0; 0-1; 6 0-1; 0-1; 1,4 
Leg 3 0-0 1-0 1-0; 0-1; 6 0-1; 0-1; 1,4 
Leg 4 0-0 1-0 0-0; 5 0-1; 0-2; 1,3 
Leg 5 represented by papilla bearing single seta (Figure 2.40C). 
Remarks 
The present species is characterized by the following important characters: 5- 
segmented antennule carried on a pedestal; the presence of the massive lateral process on 
the antenna extending to the distal end of the first endopodal segment and of a single 
inner seta on the second endopodal segment of legs 2 and 3. In addition, leg 5 is 
represented by one seta born on a papilla. The type of antenna, with an inflated lateral 
process on the coxobasis, is shared with the following species from North America: E. 
auritus Markevich, E. cotti Kellikott, E. cyprinaceus Rogers, E. luciopercarum 
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Henderson, E. warealei Johnson, E. lanceolatus Wilson, E. centrarchidarum Wright, E. 
nerkae Roberts, E. caeruleus Wilson, E. labracis Kroyer, E. manicatus Wilson and E. 
turgidus Frazer. Only E. cyprinaceus and E. manicatus, among these species possess 
such an enormous process on the antenna; the other species having a much smaller 
process. All twelve of these species differ from the new species in possessing a 6- 
segmented antennule and in retaining two inner setae on the second endopodal segment 
of legs 2 and 3. 
The Eurasian species E. plecoglossi Yamaguti, E. gibbus Nordmann, E. tumidus 
Markevich, E. gobiorum Markevich, E. orientalis Yamaguti, E. rotundicorpus Jones & 
Hine and E. wilsoni Markevich also possess an inflated coxobasis on the antenna. The 
first four of these species have only one seta on the second endopodal segment of legs 2 
and 3; but they differ from the new species in retaining a 6-segmented antennule. 
E. orientalis from Japan and Australia and E. rotundicorpus from the Philippines 
resemble the new species in the inflated cephalothorax, the small urosome and the 
diagonal striations on the antennary claw. However, the antennule is 6-segmented and 
the lateral process on the antenna extends only midway along the second segment. 
E. wilsoni is the only species that shares a 5-segmented antennule with the new 
species but the posterior process on the antennary coxobasis is very small and the second 
endopodal segment of legs 2 and 3 retains two inner setae. 
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Figure 2.37. Ergasilus piriformus n. sp., adult female. A, dorsal view; B, lateral view; C, 
rostrum; D, urosome. Scale bars in micrometres. 
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Figure 2.38 Ergasilus piriformns n. sp., adult female. A, antennule; B, antenna, claw 
(arrowed); C, mouthparts. Scale bars in micrometres. 
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Figure 2.39. Ergasilus piriformus n. sp., adult female. A, first swimming leg, anterior; B, 
second swimming leg , anterior. 
Scale bars in micrometres. 
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Figure 2.40. F, rgasrlns pirrformus n. sp., adult female. A, fourth swimming leg, anterior; 
B, interpodal plates of the swimming legs; C, fifth swimming leg. Scale bars in 
micrometres. 
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2.6.7 Ergasilus indistinctus n. sp. 
(Figures 2.41 - 2.44) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1441); female paratype (BMNH Reg. 
No. 1999.1442). 
Type locality 
Sierra Leone. 
Type host 
Mugil bananensis (Pellegrin). 
Record of infected hosts 
M. curema, Senegal (19 ); M bananensis, Sierra Leone (19 ) 
Etymology 
The specific name refers to the lack of distinct articulations between the 
urosomites. 
Description of female 
Cephalothorax violin-shaped, constricted in middle (Figure 2.41A). Mean body 
length 0.72 ± 0.04 mm, mean body width 0.22 ± 0.01 mm (n = 2). Dorsal cephalic shield 
ornamented with inverted T-shaped marking. First pedigerous somite delimited anteriorly 
by constriction; free second to fourth pedigerous somites narrowing posteriorly. Two 
sensillae and one integumental pore present dorsally on each pedigerous somite. 
Fifth pedigerous somite narrow, well defined. Other urosomites not separated by 
distinct articulations, instead arthrodial membranes strongly extended forming large 
cylindrical regions between original somites. Genital double-somite barrel-shaped (Figure 
2.41B), ornamented with rows of small spinules on ventral surface. Free second and third 
abdominal somites each comprising narrow anterior part, ornamented with spinule rows 
ventrally, and thinner walled posterior part. Anal somite deeply incised. Caudal rami 
nearly as long as anal somite; long medial caudal seta armed with spinules. 
Antennule small, 6-segmented (Figure 2.42A), setal formula as follows: 3: 13: 5: 
4+ae: 2+ae: 7+ae. 
Antenna 4-segmented, with terminal curved claw (Figure 2.42B). Coxobasis 
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short. First endopodal segment armed with peg seta medially. Second plus small third 
endopodal segments together nearly as long as first endopodal segment. Second 
endopodal segment armed with large seta proximally and minute seta distally on concave 
margin. Third endopodal segment bearing tiny seta anteriorly (see inset by Figure 2.42B). 
Claw constituting about two-thirds length of second and third endopodal segments 
combined. 
Mandible (Figure 2-43A) unsegmented, bearing anterior, mid and posterior 
blades; anterior blade small with teeth on anterior margin; posterior blade with teeth on 
posterior margin. Maxillule (Figure 2.43B) lobate, bearing three outer setae and minute 
process medially. Maxilla (Figure 2.43C) consisting of large syncoxa tapering distally and 
small spatulate basis, armed anteriorly with rows of sharp teeth; thin spinulate seta 
present on basis. 
Swimming legs 1-4 (Figure 2.43D, 2.44A, B) with all rami 3-segmented, except 
2-segmented exopod of leg 4. Basis of each leg with row(s) of spinules along inner 
margin and with outer seta on posterior surface. Setae on third endopodal segment of leg 
1 relatively short. Basis of leg 2 with small conical process located between rami. Outer 
margins of both rami spinulate. Setules present on inner margin of first exopodal segment 
of all legs. Posterior margin of interpodal plates with rows of small spinules. Posterior 
row of spinules present on exopodal segment of leg 1. Spine and seta formula as follows: 
Coxa basis Exopod 
Leg 1 0-0 1-0 1-0; I-1; II, 5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 5 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Leg 5 (Figure 2.44C) 2-segmented, protopod partially fused to somite, with outer 
seta; free exopod bearing small lateral seta and two longer termini setae. 
Remarks 
This new species is characterized by the unusual form of the elongate urosome. It 
appears that extension and thickening of the arthrodial membrane has resulted in the loss 
of all the original boundaries between the abdominal somites. 
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This species closely resembles E. lizae Kroger and E. inflatipes Cressey. In its 
appendage structure, especially in the small maxillule bearing three outer setae and a 
minute medial process and in the retention of a spinulate seta on the basis of the maxilla. 
These species also exhibit a similar setation of the swimming legs. The presence of a 
prominent anterior process on the basis of the second leg between the rami is 
characteristic of E. lizae and is also present in the new species, but in the new species 
differs in the elongate urosome lacking boundaries between somites. 
The new species differs from E. inf latipes in the armature of the endopod of leg 4 
since the latter species apparently lacks the inner seta on the first endopodal segment and 
possesses only two inner setae on the third endopodal segment (Cressey & Collette, 
1970). Leg 5 of E. inflatipes is wider and its setation pattern is different from that of the 
new species. 
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Figure 2.41. Ergasilus indistinclus n. sp., adult female. A, dorsal view; B, urosome. 
Scale bars in micrometres. 
145 
Figure 2.42. Ergasilus indistinctus n. sp., adult female. A, antennule; B, antenna, third 
endopodal segment of the antenna, anterior (arrowed). Scale bars in micrometres. 
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Figure 2.43. Ergasilrus indistinctus n. sp., adult female. A, mandible; B, maxillule; C, 
maxilla; D, first swimming leg. Scale bars in micrometres. 
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Figure 2.44. Ergasilus indistinctus n. sp., adult 
female. A, second swimming leg, 
anterior; B, fourth swimming 
leg; C, fifth swimming leg. Scale bars in micrometres. 
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2.6.8 Ergasilus parabora n. sp. 
(Figures 2.45 - 2.48) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1443); female paratypes (BMNH Reg. 
Nos. 1999.1444-1451). 
Type locality 
Orissa, India. 
Type host 
Valamugil cunnesius. 
Record of infected host 
Valamugil cunnesius, Orissa (7 v ). 
Etymology 
The specific name refers to the similarity of the swimming legs to those of 
Nipergasilus bora. 
Description of female. 
Cephalothorax oval-shaped and slightly produced anteriorly (Figure 2.45A). 
Rostrum small, triangular and ornamented with four sensillae and central integumental 
pore (Figure 2.45C). Mean body length 0.65 ± 0.05 mm, mean body width 0.25 ± 0.03 
mm (n = 7). Dorsal surface of cephalic shield ornamented with inverted T-shaped 
marking. First pedigerous somite incorporated into cephalothorax and indicated by 
dorsal tergite. Free second to fourth pedigerous somites narrowing posteriorly. Fifth 
pedigerous somite (Figure 2.47E) smaller than fourth pedigerous somite, but not as 
reduced as typical for most Ergasilus species. 
Urosome modified by extension and thickening of area of membrane between 
genital double-somite and first free abdominal somite, and between first and second free 
abdominal somites. Genital double-somite (Figure 2.45B) barrel-shaped, wider than long; 
with rows of spinules on ventral surface. First and second free abdominal somites wide 
and ornamented with posterior rows of spinules marking original somite limit. Anal 
somite slightly smaller than preceeding somite, deeply incised and armed with paired 
spinule rows. Caudal rami 1.4 times longer than anal somite, rows of spinules present on 
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posterior margin. 
Antennule (Figure 2.46A) 6-segmented; setal formula: 3: 12: 5+ae: 4: 2+ae: 
7+ae. 
Antenna 4-segmented (Figure 2.46B) with short coxobasis bearing small seta; 
first endopodal segment robust, nearly 1.5 times longer than coxobasis, armed with peg 
seta midway along inner margin. Second endopodal segment short, with minute setal 
elements proximally and distally on concave margin. Second plus third endopodal 
segments together comprising nearly three-quarters length of first endopodal segment. 
Curved terminal claw nearly three-quarters length of third segment. 
Mouthparts (Figure 2.47A-C), mandible unsegmented, bearing anterior, mid and 
posterior blades: anterior blade small, with teeth on anterior margin; posterior blade with 
teeth on posterior margin. Maxillule lobate bearing two outer setae and small process 
medially. Maxilla consisting of large syncoxa tapering distally and small spatulate basis, 
armed anteriorly with rows of sharp teeth; naked seta near origin of basis. 
Swimming legs 1-4 (Figures 2.47D; 2.48A, B) with all rami 3-segmented; except 
leg 4 with both rami 2-segmented. Basis with row of spinules along inner margin in legs 
2 to 4. Basis with outer seta present on posterior surface in all legs. Lateral margins of 
both rami of leg 1 spinulate. Setules present on inner margin of first exopodal segment of 
all legs. Setules present on outer margin of endopodal segments of legs 2 to 4. First 
endopodal segment of leg 1 small and wide, second segment elongate (as in Nipergasilus 
bora). Posterior margin of interpodal plates of legs 1 to 3 ornamented with slender 
spinules (Figure 2.47D). Spine and seta formula as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; H, 5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 0,5 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-1; 1,4 
0-1; 0-1; 1,4 
0-1; 1,4 
Fifth leg 2-segmented; protopodal segment well developed with posterior seta; 
free exopodal segment small, armed with small lateral, long apical and smaller subapical 
setae (Figure 2.47F). 
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Other material examined 
Table 2.3. Body length and width measurements (in mm) of E. parabora from different 
localities. (N = number of specimens). 
Host Locality Body Length Body Width N 
Valamugil cunnesius Sind 0.61 ±0.06 0.25 ± 0.08 2? 
Valamugil cunnesius Karachi 0.75 0.36 1? 
Valamugil cunnesius Mangalore 0.51 ± 0.06 0.19 ± 0.02 5ý 
Remarks 
The new species is closely related to Nipergasilus bora. It shares with N. bora 
the following characteristics: a small antenna, the wide protopod and small free exopod 
of leg 5, the setation of legs 1 to 4, the 2-segmented endopod of leg 4 and the unusual 
elongation of the second endopodal segment of leg 1. All these characters were regarded 
as characteristic of the genus Nipergasilus, with its modified body segmentation, but 
occur in E. parabora which has a relatively unmodified body. 
The new species differs from Nipergasilus bora in form of the first, fourth and 
fifth pedigerous somites. The first pedigerous somite is incorporated into the 
cephalothorax in the new species even though its tergite is distinct (this somite in 
Nipergasilus is not incorporated into the cephalothorax); the fourth and the fifth 
pedigerous somites are not fused to form an enlarged unit as in Nipergasilus, although 
the fifth pedigerous somite is not reduced as is typical for Ergasilus species. 
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Figure 2.45. Ergasilusparabora n. sp., adult female. A, dorsal view; B, urosome. Scale 
bars in micrometres. 
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Figure 2.46. Ergasilus parabora n. sp., adult female. A, antennule; B, antenna; C, 
rostrum. Scale bars in micrometres. 
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Figure 2.47. Ergasilus parabora n. sp., adult female. A, mandible; B, maxillule; C, 
maxilla; D, first swimming leg with interpodal plate, anterior; E, fifth pedigerous somite 
with the fifth swimming leg, anterior; F, fifth swimming leg, posterior. Scale bars in 
micrometres. 
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Figure 2.48. Ergasil7us parabora n. sp., adult female. A, second swimming leg, anterior; 
B, fourth swimming leg, anterior. Scale bars in micrometres. 
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2.6.9 Ergasilus ecuadorensis n. sp. 
(Figures 2.49 - 2.52) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1452); female paratypes (BMNH Reg. 
Nos. 1999.1453-1459). 
Type locality 
Ecuador. 
Type host 
Mugil curema 
Record of infected host 
Mugil curema, Ecuador (8? ) 
Mugil hospes, Ecuador (3 Y) 
Etymology 
The specific name refers to the type locality. 
Description of female 
Cephalothorax inflated, violin-shaped (Figure 2.49A), first pedigerous somite 
delimited only by constriction but dorsal tergite retained. Mean body length 1.06 ± 0.06 
mm, mean body width 0.47 ± 0.04 mm (n = 8). Dorsal surface of cephalic shield 
ornamented with inverted T-shaped and circular markings. Free second to fourth 
pedigerous somites narrowing posteriorly. Rostrum squarish anteriorly, with eight 
sensillae, posterior part wedge-shaped (Figure 2.49B). Patches of blue and violet 
pigment scattered on cephalothorax, legs and urosome. 
Genital double-somite (Figure 2.49C) barrel-shaped, longer than wide, numerous 
rows of spinules present ventrally. First free abdominal somite slightly longer than 
second. Anal somite smaller than second somite, deeply incised. Posterior margin of all 
abdominal somites ornamented with spinule row. Caudal rami 1.5 times longer than anal 
somite. 
Antennule (Figure 2.50A) 6-segmented, first antennulary segment partially fused 
anteriorly but distinct posteriorly (see inset Figure 2A); setal formula: 1: 11: 5: 4: 2+ae: 
6+ae. 
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Antenna 4-segmented (Figure 2.50B) with short coxobasis; second segment (= 
first endopodal segment) nearly twice as long as coxobasis, armed with peg seta near 
midpoint of inner margin. Third (= second endopodal) segment curved, with small spines 
proximally (see inset Figure 2.50B) and distally on concave margin; third endopodal 
segment very small, bearing minute seta anteriorly. Second plus third endopodal 
segments together, nearly as long as second segment length. Terminal claw strongly 
recurved, nearly three-quarters length of third segment. 
Mandible unsegmented (Figure 2.50C), bearing anterior, mid and posterior 
blades: anterior blade small with teeth on anterior margin; posterior blade with teeth on 
posterior margin. Maxillule lobate bearing two long outer setae and small process 
medially (Figure 2.50D). Maxilla consisting of large syncoxa, tapering distally, and small 
spatulate basis, armed anteriorly with rows of sharp teeth (Figure 2.50E). 
Swimming legs 1-4 (Figures 2.51A, B; 2.52A) with all rami 3-segmented, except 
exopod of leg 4 and endopod of leg 1 both 2-segmented. Outer seta present on posterior 
surface of basis of all legs. Lateral margins of both rami spinulate. Setules present on 
inner margin of first exopodal segment of all legs and on outer margin of endopodal 
segments of legs 2-4. First endopodal segment of leg 1 with modified, toothed outer 
margin ornamented with spinules distal to tooth-like process; two outer spines on 
terminal endopodal segment of leg 1 curved. Setae on swimming legs armed with 
pinnules and setules. Posterior margin of interpodal plates ornamented with large conical 
spinules (Figure 2.52B). Spine and seta formula as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 I-0,0-1, II15 
Leg 2 0-0 1-0 I-0,0-1,1-6 
Leg 3 0-0 1-0 I-0,0-1,1-6 
Leg 4 0-0 1-0 0-0)1)5 
Fifth leg represented by two papillate setae (Figure 2.52C). 
Endopod 
0-1; 11,5 
0-1,0-2, I, 4 
0-1,0-2,1,4 
0-1,0-2, I, 3 
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Remarks 
The new species is characterized by the presence of a 2-segmented endopod of 
leg 1, only a single seta on the first antennulary segment and the possession of an 
inflated, violin-shaped cephalothorax. It shares the presence of a single seta on the first 
antennulary segment with 17 Ergasilus species from South America and four Ergasilus 
species from N. America. The new species is close to E. cerastes Roberts (Florida), E. 
versicolor Wilson (Indiana), E. pitalicus Thatcher, 1984 (Colombia) and E. cyanopictus 
Carvalho, 1962 (Sao Paulo, Brazil), since they all share most of these features and, in 
addition, have the same setation of the swimming legs. 
The new species differs from E. cerastes Roberts, 1969 in the shape of the 
cephalothorax, which is more inflated than E. cerastes; and the basis of each swimming 
legs is not ornamented with spinules as in E. cerastes. In addition, three setae are present 
on first antennulary segment in E. cerastes (according to Roberts, 1969) although this 
should be verified. The new species differs from E. versicolor mainly in the shape of the 
antenna and the cephalothorax. 
E. pitalicus differs from the new species in the antenna; the second endopodal 
segment of which is relatively longer than in the new species, with the claw about half 
the length of the second endopodal segment. 
E. cyanopictus is the most closely related to the present species, since they share 
the following characters: inflated cephalothorax, elongate rostrum and the armature of 
the swimming legs. E. cyanopictus (re-described below) differs from the new species in 
the antenna- the membrane between coxobasis and first endopodal segment is inflated; 
the first endopodal segment is relatively wider than that of the new species; the proximal 
spinule on the concave margin of the second endopodal segment is simple and located 
closer to the proximal end of the segment and the claw is longer, attaining more than 
85% of the length of second endopodal segment. 
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Figure 2.49. Ergasilns ecuadorensis n. sp., adult female. A, dorsal view; B, urosome; C, 
rostrum. Scale bars in micrometres. 
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Figure 2.50 Ergasilus ecuadorensis n. sp., adult female. A, antennule; B, antenna; C, 
mandible; D, maxillule; E, maxilla. Scale bars in micrometres. 
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Figure 2.51. Ergasilus ecuadorensis n. sp., adult 
female. A, first swimming leg with 
interpodal plate, anterior; B, fourth pedigerous somite. 
Scale bars in micrometres. 
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Figure 2.52. Ergasilus ecuadorensis n. sp., adult female. A, second swimming leg, 
anterior; B, interpodal plate of second leg; C, fifth swimming leg. Scale bars in 
micrometres. 
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2.6.10 Ergasilus cyanopictus Caravalho, 1962 
(Figures 2.53 - 2.55) 
Previous Records 
This species was originally described by Carvalho (1962) from Mugil cephalus 
(as Mugil platanus) collected in the Rio Nobrega, in the south of Sao Paulo state, Brazil, 
near the coast. 
Present Material 
Numerous females collected from M cephalus (as M platanus) at Rio Grande 
do Sul, Brazil. The original description was incomplete and lacking many details which 
are given in the present redescription. 
Description of female 
Cephalothorax violin-shaped, cephalic shield produced anteriorly into frontal 
region, carrying antennule and antenna (Figure 2.53A). Rostrum long, anterior part 
squarish, with two long and two small sensillae; posterior part wedge-shape (Figure 
2.55A). 
Antennule 6-segmented, setal formula: 1: 11: 5: 4: 2+ae: 7+ae (Figure 2.54A). 
Antenna 4-segmented (Figure 2.54B), membrane between coxobasis and first 
endopodal segment, slightly inflated. Peg seta present two-thirds of distance along inner 
margin of first endopodal segment; spinule present proximally and another distally on 
concave margin of second endopodal segment. Third endopodal segment very small with 
minute seta anteriorly. Claw long, attaining about 85-90% of length of second plus third 
endopodal segments combined. Maxillule and maxilla as in Figure 2.54C. 
Swimming legs with all rami 3-segmented, except 2-segmented endopod of leg 1 (Figure 
2.55B) and exopod of leg 4. Outer seta present on posterior surface of basis of all legs. 
Setules present on inner margins of first exopodal segment of all legs, and on outer 
margins of endopodal segments of legs 2-4. Posterior margin of interpodal plates of legs 
ornamented with conical spinules (Figure 2.55C). 
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Spine and seta formula as follows: 
Coxa Basis Exopod Endopod 
Leg 1 0-0 1-0 1-0; 0-1; H, 5 0-1; H, 5 
Leg 2 0-0 1-0 1-0; 0-1; 1,6 0-1; 0-2; 1,4 
Leg 3 0-0 1-0 1-0; 0-1; 1,6 0-1; 0-2; 1,4 
Leg 4 0-0 1-0 0-0; 1,5 0-1; 0-2; 1,3 
Leg 5 represented by two setae, one carried on papilla (Figure 2.55D). 
Remarks 
This species is quite common in southern Brazil. It was treated as a synonym of 
E. versicolor Wilson by Boxshall & Montu (1997), following Roberts (1969) and Kabata 
(1988). However, the discovery of new material indicates that E. cyanopictus is a valid 
species, distinguished from E. versicolor by the inflated cephalothorax; the membrane 
between coxobasis and first endopodal segment of the antenna is slightly inflated, and the 
claw of the antenna is long, attaining more than 85 % of the length of the second 
endopodal segment. 
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Figure 2.53. Ergasilus cyanopictus, adult female. A, dorsal view; B, urosome; C, 
rostrum. Scale bars in micrometres. 
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Figure 2.54. Ergasilus cyanopictus, adult female. A, antennule; B, antenna; C, 
mouthparts. Scale bars in micrometres. 
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Figure 2.55. Ergasilus cyanopictus, adult female. A, rostrum; B, first swimming leg, 
anterior; C, interpodal plates, anterior; D, fifth pedigerous somite. Scale bars in 
micrometres. 
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2.6.11 Ergasilus magnicornis Yin, 1949 
(Figure 2.56) 
Previous Records 
This species was first described by Yin (1949) from the gills of Carassius 
carassius (Linnaeus) collected from Chinese Pond Fishes. It was recorded again by Yin 
(1956) from the freshwater fish Carassius auratus (Linnaeus) in China, by Gussev 
(1987) from Russia; Kuang & Qian (1991) from China. 
Present Material 
Two specimens were found on Liza subviridis from Madras. They exhibited a 
mean body length of 0.69 mm and a mean body width of 0.31 ± 0.02 mm. They have an 
oval cephalothorax and the cephalic shield is ornamented anteriorly with inverted T and 
circular markings (Figure 2.56A). The rostrum has four integumental pores and nine 
sensillae (Figure 2.56B). The urosomites are ornamented with spinules ventrally (Figure 
2.56C). Antennule 6-segmented, setal formula: 3,13,5+ae, 4+ae, 2+ae, 7+ae. Antenna 
4-segmented, membrane between coxobasis and first endopodal segment is slightly 
inflated and the claw is ornamented with diagonal striation (Figure 2.56D). The labrum 
has small teeth (Figure 2.56E). The basis of maxilla is armed with a spinulate seta (Figure 
2.56F). Spine and seta formula of swimming legs as follows: 
Coxa basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; H, 5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 1,6 
Leg 4 0-0 1-0 1-0; I, 5 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Leg 5,2-segmented, protopod with outer seta; free exopod bearing small lateral 
seta and two longer setae. 
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Remarks 
The new record is the first from a mugilid host. The distinctive striated surface of 
the antennal claw is a useful diagnostic character of this species. 
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Figure 2.56. Ergasilus magnicornis, adult female. A, dorsal view, anterior; B, rostrum; 
C, urosome; D, antenna; E, labrum, mandible and maxilule; F, maxillule and maxilla. 
Scale bars in micrometres. 
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2.6.12 Ergasilus orientalis Yamaguti, 1939 
Vouchers 
30 females (BMNH Reg. No. 1999.1460-1479). 
Previous Records 
This species was first described by Yamaguti (1939) from fishes belonging to the 
families Gobiidae and Atherinidae collected in Japanese waters. Cressey and Collette 
(1970) subsequently recorded E. orientalis from needle fishes from Australia and Brazil 
(near the mouth of the Amazon River 
Present Material 
Twenty specimens of E. orientalis were recorded on Liza vaigiensis (Quoy & 
Gaimard) (as Liza waigiensis Seale) from Tahiti, and twelve females on Valamugil 
engeli (as L. engeli) from Sydney, Australia. The range of body length is 0.06-0.72 mm, 
and the range of body width is 0.22-0.30 mm. The setal formula of the terminal 
endopodal segment of leg 1 is 11,4 whereas the previous records showed 11,3. This 
species is closely related to E. rotundicorpus from the Philippines. 
2.6.13 Ergasilus rostralis Ho, Jayarajan & Radhakrishnan, 1992 
Vouchers 
27 females (BMNH Reg. No. 1999.1480-1506). 
Previous records 
This species was discovered by Ho et al. (1992) on coastal water fishes from 
Kerala, India. It was recorded on three species of grey mullets: Liza tale from Veli Lake 
(estuarine), Trivandrum; Liza macrolepis (Smith) from Neendakara (estuarine), Quilon; 
Valamugil seheli from Veli Lake, Trivandrum, India. 
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Present Material 
E. rostralis was recorded on three species of grey mullet (Table 2.4). The present 
material has a mean body length of 0.66 mm (range 0.61- 0.69) mm and mean body 
width of 0.28 mm (range 0.24-0.30 mm). These measurements are slightly smaller than 
reported by Ho et al. (1992). 
Table 2.4. Present records of E. rostralis from various localities (N = number of 
specimens). 
Host Locality N 
Liza subviridis Madras 52 ý 
Liza subviridis Calcutta 26 ý 
Valamugil cunnesius (as L. perusii) Mangalore 1 
Valamugil cunnesius (as L. perusii) Orissa 1 
Valamugil cunnesius (as L. perusii) Sind 2 
Liza parsia Madras 1 
Liza parsia Calcutta 4 
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2.7 Paraergasilus Markevitsch, 1937 
Differential diagnosis 
Cephalothorax oviform. First pedigerous somite incorporated into cephalothorax. 
Free pedigerous somites narrowing posteriorly. Antennule 5-segmented, with setal 
formula 16: 5+ae: 4+ae: 2+ae: 7+ae. Antenna 4-segmented, tipped with three curved 
terminal claws. Maxillule with two long setae and medial process. Genital double-somite 
barrel-shaped; free abdomen 3-segmented. Caudal ramus carrying 4 setae. Swimming 
legs 1 to 4, biramous with 3-segmented rami, except for 2-segmented exopod of leg 4. 
Leg 5 with protopodal segment fused to somite, bearing outer basal seta dorsally; free 
exopod armed with two long terminal setae and smaller lateral seta. 
2.7.1 Paraergasilus dichotomus n. sp. 
(Figures 2.57 - 2.59) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1540); female paratypes (BMNH Reg. 
Nos. 1999.1541-1550). 
Type locality 
New South Wales, Australia. 
Type host 
Mugil cephalus 
Record of infected host 
Mugil cephalus, New South Wales (3 6 ). 
Site of infection 
Gill rakers. 
Etymology 
The specific name refers to the dichotomously branched third claw on the 
antenna. 
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Description of female 
Body small, cephalothorax irregularly oval-shaped, without lateral stylets, mean 
body length 0.47 ± 0.03 mm, mean body width 0.20 ± 0.02 mm (n = 7). First pedigerous 
somite incorporated into cephalothorax. Free pedigerous somites decreasing in width 
posteriorly (Figure 2.57A). 
Genital double-somite barrel-shaped, nearly as long as wide (Figure 2.57B), and 
nearly as long as 3 free abdominal somites; ventral surface ornamented with several rows 
of spinules. First and second free abdominal somites nearly equal in length; anal somite 
slightly shorter than preceeding somite; each ornamented with single ventral spinule row 
along posterior margin. 
Caudal rami slightly longer than anal somite; row of spinules present posteriorly; 
armed with large medial seta, 3 other setae increasing in length laterally. 
Antennule 5-segmented (Figure 2.58 A), first segment largest; setal formula as 
follows: 16,5+ae, 4+ae, 2+ae, 7+ae; many of setae plumose. 
Antenna 4-segmented with three curved terminal claws (Figure 2.58B). 
Coxobasis long, widest proximally, with inner distal seta; first endopodal segment both 
about 3.5 times average width; armed with bifid spine near middle of medial margin: 
second endopodal segment about twice as long as wide, bearing one small spinule 
proximally and one distally on concave margin: third endopodal segment small, both 
segments together constituting nearly half of first endopodal segment length. Third 
endopodal segment bearing 6 setal elements, including three terminal claws. Inner claw 
longest, bifid, constituting about 1.5 times length of second and third segments 
combined; median claw shortest, slightly less than second and third endopodal segments 
combined; outer claw about 1.2 times length of these segments, additional armature 
comprising one blunt element on inner margin and two small spinules, one each at bases 
of outer and medial claws (Figure 2.58C). 
Mandible unsegmented, bearing anterior, mid and posterior blades: anterior blade 
with teeth on anterior margin; posterior blade with teeth on posterior margin. Maxillule 
lobate bearing two outer setae, and minute process medially. Maxilla consisting of large 
syncoxa tapering distally and small spatulate basis, armed anteriorly with rows of sharp 
teeth (Figure 2.57C). 
Swimming legs 1-4 (Figure 2.59A-C) with rami 3-segmented, except 2- 
segmented exopod of leg 4. Outer seta on posterior surface of basis of all legs. Setules 
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present on inner margins of first exopodal segments of all legs. Posterior margin of 
interpodal plates of legs lacking ornamentation. Exopod of leg 1 modified, flattened; 
second and third exopodal segments particularly broad, and with thick cuticle along 
outer margin (Figure 2.59A). Spine and seta formula as follows: 
Coxa basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; H, 5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 5 
Endopod 
0-1; 0-1; II, 4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Fifth leg (Figure 2.59D) small, with protopodal segment fused to somite; with 
outer basal seta dorsally; free exopodal segment armed with two long terminal setae and 
smaller lateral seta. 
Remarks 
The new species can be distinguished immediately from all 12 of the previously 
described species of Paraergasilus by the bifid claw on the antenna. The new species can 
be grouped with those Paraergasilus species that lack a pair of posterolateral stylets on 
the cephalothorax; this group comprises the following seven species: P. remulus Cressey 
and Collette (Cambodia), P. lagoonaris Paperna, P. minutus Fryer (Africa), P. inflatus 
Ho et al. (Iraq), P. reductus Reddy & Kasaiah, P. dentatus Ho et al. (India) and P. 
acanthopagri Roubal (Australia). 
P. lagoonaris, P. inflatus, P. minutus and P. reductus all differ from the new 
species in the armature of the terminal endopodal segment of leg 1. In these species it is 
ensheathed by a membrane, armed with a rudimentary spine, and setae that are small and 
located on the inner margin of the segment. The terminal endopodal segment in the new 
species lacks any outer sheath and is armed with two well developed outer spines and 4 
inner setae. 
P. remulus differs from the new species in retaining only four inner setae on the 
terminal exopodal segment of leg 1 instead of five setae in the new species and in the loss 
of the two inner setae from the second endopodal segment of legs 2&3. Other 
differences include the presence of an outer spine on the terminal exopodal segment of 
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leg 4 and only one inner seta on the second endopodal segment of the same leg; the new 
species lacks this outer spine but retains two inner setae on second endopodal segment. 
P. dentatus differs fom the new species in the presence of tooth-like process on 
the first endopodal segment of the antenna, and of a small process on the basis of the first 
swimming leg between the rami. 
P. acanthopagri differs from the new species in the apparent presence of five 
inner setae on the terminal endopodal segment of leg 1 instead of four setae, as in the 
present species, although this character requires verification since four is the maximum 
number of setae on this segment in ergasilids. 
2.7.2 Paraergasilus curtus n. sp. 
(Figure 2.60) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1535); female paratypes (BMNH Reg. 
Nos. 1999.1536-1539). 
Type locality 
Socotra, Yemen. 
Type host 
Liza macrolepis 
Record of infected hosts 
Liza macrolepis, Socotra (M), Valamugil cunnesius, Philippines (2Y), Mugil 
cephalus, West Australia (15? ). 
Site of infection 
Gill rakers. 
Etymology 
The specific name refers to the relatively short second endopodal segment of the 
antenna. 
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Description of female 
Body small, cephalothorax oval-shaped, without lateral stylets: mean body length 
0.33 ± 0.02 mm, mean body width 0.18 ± 0.01 mm (n = 8). Four pedigerous somites well 
defined, decreasing in width posteriorly (Figure 2.60A), otherwise body as in P. 
dichotomus n. sp. 
Antennule, mouthparts and legs 2 to 5 as for P. dichotomus n. sp. Antenna 4- 
segmented with 3 curved terminal claws (Figure 2.60 B, Q. Coxobasis tapering distally, 
with inner seta. First endopodal segment about 2.2 times longer than average width, 
armed with simple spine near middle of medial margin. Second endopodal segment only 
just longer than wide, apparently lacking spinules on concave margin. Third endopodal 
segment short, well defined, bearing four setal elements including three claws: inner claw 
bifid near tip with equal branches, median claw shortest. All claws longer than second 
and third endopodal segments combined. Simple spinule present at base of median claw. 
Leg 1 exopod broad, but less flattened than P. dichotomus n. sp. 
Remarks 
This species is closely related to the previous new species, since it is the only 
other species that possesses a bifid claw on the antenna (Figure 2.60B, Q. Both species 
share the setation of the swimming legs, and the particular shape of legl (Figure 2.60D). 
Both belong to the same group of species that lack posterolateral stylets on the 
cephalothorax. The new species differs from P. dichotomus in the following aspects: 
- Body is smaller with a mean length of 0.33 mm ± 0.02 mm, and a mean width of 0.18 f 
0.01 mm(n=8). 
- The antenna is more robust with a short, stout second endopodal segment, also the 
three short claws are nearly equal in length, with the branched claw not as elongated as 
that of P. dichotomus. 
177 
A 
B 
, ýNQavVaVVOV VOVVVaDDCpvvvpvpugvpp'V P? pppOpGpp 
ýýpaQQQQaQ00000V0vVVDDpDDpppDppppPPDDDO 
Qa 
Va 
vaaaQVOQQVVOV9DODDDDDpDDppDDOVýDDDDpv 
QQavaVaV0pVV0aoovDpp9499 VVQvvvvD 
QQOVVVVOV0oVV00avavvavVVV9999O 
" vo Vpvv 
QVODDGvG40DODDDD0Qg M g0qllUp j 
- -- - ýI 
Ln 
uV 1VVuTVYV PY fý - rPVri 
25 C 
Figure 2.57. Paraergasilus dichotomus n. sp., adult female. A, dorsal view; B, urosome; 
C, mouthparts. Scale bars in micrometres. 
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Figure 2.58. Paraergasilus dichotomus n. sp., adult female. A, antennule; B, antenna; C, 
claws. Scale bars in micrometres. 
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Figure 2.59. Paraergasilus dichotomus n. sp., adult female. A, first swimming leg, 
anterior; B, second swimming leg, anterior; C, fourth swimming leg, anterior; D, fifth 
leg. Scale bars in micrometres. 
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Figure 2.60. Paraergasilus curtus n. sp., adult female. A, dorsal view; B, antenna; C, 
claws; D, first swimming leg, anterior. Scale bars in micrometres. 
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2.8 Nipergasilus Yamaguti 1939 
2.8.1 Nipergasilus bora (Yamaguti, 1939) 
synonyms 
Ergasiloides bora Yamaguti, 1939 
Yamagutia bora (Yamaguti, 1939): Fryer, 1956. 
Previous Records 
This species was first described by Yamaguti from the gills of Mugil cephalus 
from Lake Hamana, Japan. Subsequently this species was recorded from the following 
localities and hosts (Table 2.5). 
Table 2.5. Published records of Nipergasilus bora. 
Author Locality Host 
*Yin, 1956 Japan Mugil cephalus 
*Fryer, 1956 Lake Nyasa, Tanzania ? 
*Paperna & Lahav, Israel Liza aurata (Risso), 
1971 M cephalus 
*Ben Hassine & Turkey, Aegean Sea Chelon labrosus (Risso), 
Raibaut, 1979 M cephalus 
*Paperna & Overstreet, Gulf of Aqaba ? 
1981 
*Braun, 1981 France Chelon labrosus, 
Mugil cephalus 
*Radujkovic, 1982 Yugoslavia Chelon labrosus 
**Ho & Do, 1982 Japan M cephalus 
*Ben Hassine, 1983 Palestine Chelon labrosus, Liza ramada 
(Risso), L. saliens (Risso), L. 
aurata, M. cephalus. 
* See Ben Hassine, 1983; ** See Ho & Do. 1982. 
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Vouchers 
12 females (BMNH Reg. No. 1997.1508-1518). 
Present Records 
Two females recorded on Valamugil cunnesius from Mangalore; one female on 
Mugil cephalus from Tsu Shima, Japan; 15 females on Liza saliens from Lake Burullus, 
Egypt. 
Description 
This species was well described previously by Yamaguti (1939); Ben Hassine 
(1983); and especially Ho & Do (1982). No supplementary description is required. 
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2.9 Mugilicola Tripathi, 1960 
Differential diagnosis 
Body comprising head, neck, trunk and urosome. Head small, posterior margin 
either simple or provided with trilobate process on both sides. Frontal region of head 
produced, bearing antennules and antennae. Mouthparts reduced in size, located 
ventrally at middle of head. Antennule 5-segmented, setal formula: 11: 6: 4: 2+ae: 7. 
Antenna 4-segmented, small, robust with long curved terminal claw. Neck long, variable 
in length. Trunk pear-shaped, unsegmented and bearing swimming legs 1 to 3. First 
swimming leg located ventrally, anterior to mid level of trunk. Leg 4 absent. Leg 5 
represented by two setae, located posterior to leg 3. Urosome comprising genital double- 
somite, two free abdominal somites and caudal rami. 
2.9.1 Mugilicola bombayensis n. sp. 
(Figure 2.61 - 2.63) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1532), female paratypes (BMNH Reg. 
Nos. 1999.1533-1534). 
Type-locality 
Bombay. 
Type-Host 
Liza subviridis (3 ). 
Etymology 
The specific name refers to the type locality. 
Description of female 
Body comprising head, neck and trunk (Figure 2.61A). Mean body length 3.5 f 
0.2nun (n=2). 
Head small, ovoid with prominent swelling dorsally (Figure 2.61B); rostrum 
elevated on produced frontal region also bearing antennule and antenna. Mouthparts 
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located ventrally at middle of head. 
Neck long and slender, nearly comprising two-thirds of total body length (Figure 
2.61 A); ensheathed within loose, folded layer. 
Trunk (Figure 2.61 A) pear-shaped, constituting nearly 20 % of total body length, 
bearing three pairs of swimming legs. Leg 1 located just anterior to midlevel of trunk; 
legs 2 and 3 located posteriorly. Posterior to leg 3 two setae present on surface of somite 
(arrowed in Figure 2.62C): homology of setae difficult to establish (see below). 
Swimming legs 1-3 reduced in size (Figure 2.63A, B); each with outer seta on posterior 
surface of basis. Spine and seta formula of legs as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; 1,5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 0-0; 0-1; 6 
Leg 4 absent (see below). 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
Urosome small (Figure 2.61F), consisting of genital double-somite, 2 free 
abdominal somites and caudal rami. Genital double-somite constituting 75% of urosome 
length; ornamented with ventral rows of spinules posteriorly, possibly also incorporating 
second to form genital complex. Single row of spinules present on posterior margin of 
free abdominal and anal somites. Anal somite deeply incised reaching posterior part of 
genital complex. Each caudal ramus armed with four setae. 
Antennule 5-segmented (Figure 2.62A), first segment largest; setal formula as 
follows: 11: 6: 4: 2+ae: 7. 
Antenna 4-segmented with almost straight terminal claw (Figure 2.62B). 
Coxobasis short, robust, unarmed; second segment (= first endopodal segment) about 
2.5 times average width; armed with sclerotized spine medially. Second endopodal 
segment short, constituting nearly one third of second segment length; third endopodal 
segment very reduced represented by minute sclerite. Claw robust and nearly twice as 
long as second endopodal segment. 
Mouthparts (Figure 2.61 C, D, E): mandible small, with anterior, mid and 
posterior blades. Maxillule small, with two setae and minute medial process. Maxilla 
comprising large syncoxa and small spatulate basis bearing teeth anteriorly. 
185 
Remarks 
Four species ofMugilicola have been established to date: M. bulbosa Tripathi on 
Liza Lade (Forsskal) and Liza parsia ((Hamilton Buchanan) from India (Tripathi, 1960); 
M smithae Jones & Hine on Anguilla mossambica Peters caught in South Africa (Jones 
& Hine, 1978, redescribed by Kruger et al., 1998 from Natal on additional hosts Liza 
alata (Steindachner), Liza macrolepis (Smith), Myxus capensis (Valenciennes) and 
Valamugil seheli (Forsskal)); M australiensis Boxshall, 1986 on Sillago ciliata Cuvier 
& Valenciennes caught off the coast of New South Wales, Australia (Boxshall, 1986) 
and M kabatai Piasecki, Khamees and Mhaisen, 1991, from Iraq on L. abu (Heckel) 
(Piasecki et al., 1991; Ho et al., 1996)). 
All previous descriptions of Mugilicola reported that no traces of any legs 
posterior to the third pair of swimming legs could be found. The two setae present on the 
body surface posterior to leg 3 have not been recognized or figured before. The 
homology of these two setae is, however, difficult to establish since they could represent 
either leg 4, leg 5 or both. The close proximity of the two setae, and their positioning on 
the same transverse plane indicates that they represent a single leg, not both legs. Their 
position immediately anterior to the genital double-somite (Figure 1F) and their close 
resemblance to leg 5 in Paeonodes suggests that they represent leg 5. Leg 4 is, therefore 
absent in Mugilicola. 
The caudal rami armed are armed with four setae in the new species instead of 
three setae as reported in the known species, but these setae are fragile and easily 
broken. The present species resembles M bulbosa, M kabatai and M australiensis in 
possessing an ovoid head and two free abdominal somites, but differs from them in the 
armature of the swimming legs. The armature of swimming legs of M smithae is similar 
to that of the present species but they can be readily distinguished since the posterior 
margin of the head of M. smithae is provided with trilobate processes on both sides. 
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Figure 2.61. Mugilicola bombayensis n. sp., adult female. A, dorsal view; B, head, 
lateral; C, mandible; D, maxillule; E, maxilla; F, urosome with leg 5, anterior. Scale bars 
in micrometres. 
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Figure 2.62. Mugilicola bombayensis n. sp., adult female. A, antennule; B, antenna; C, 
lateral view of posterior part of trunk and urosome showing swimming legs 2,3,5; Scale 
bars in micrometres. 
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Figure 2.63. Mugilicola bombayensis n. sp., adult female. A, first swimming leg, 
anterior; B, second swimming leg, anterior. Scale bar in micrometres. 
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2.10 Paeonodes Wilson, 1944 
Differential diagnosis 
Body comprising head, neck, trunk and urosome. Head small, frontal region of 
head produced, bearing antennules and antennae. Mouthparts reduced in size, located 
ventrally at middle of head. Antennule 5-segmented, setal formula: 13: 5: 4+ae: 2+ae: 7. 
Antenna 4-segmented, small, robust with long curved terminal claw. Neck long, variable 
in length. Trunk pear-shaped, unsegmented and bearing swimming legs 1 to 4. First 
swimming leg located ventrally, anterior to mid level of trunk. Leg 4 primitively with 1- 
segmented exopod and 2-segmented endopod. Leg 5 represented by two setae, located 
posterior to leg 4. Urosome comprising genital double-somite, three free abdominal 
somites and caudal rami. 
2.10.1 Paeonodes subviridis n. sp. 
(Figures 2.64 - 2.66) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1529); female paratypes (BMNH Reg. 
Nos. 1999.1530-1531) 
Type-locality 
Guam (Papua New Guinea). 
Type-Host 
L. subviridis (3 ). 
Etymology 
The specific name refers to the type host. 
Description of female 
Body comprising head, neck and trunk (Figure 2.64A). Mean body length 4.0 f 
0.44mm(n=2). 
Head small (Figure 2.64B) with inverted T-shaped marking; rostrum elevated, 
antennule and antenna located frontally. Mouthparts located ventrally at middle of head. 
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Neck long and slender, ensheathed within tube of folded tissue, comprising nearly 
70% of total body length (Figure 2.64A). 
Trunk pear-shaped, constituting nearly 25% of total body length, bearing four 
pairs of swimming legs, first leg located at mid level of trunk; second, third and fourth 
legs located posteriorly (Figure 2.64A). Posterior to leg 4 two isolated setae present on 
surface of trunk, representing leg 5 (Figure 2.66D). 
Swimming legs 1-4 reduced (Figure 2.66A-C), outer seta present on posterior 
surface of basis of each leg. Setules present on inner margin of first exopodal segment of 
legs 1 to 3. Terminal exopodal segment of leg 1 with at least one outer spine; presence of 
second spine indicated by scar on segment could not be confirmed on material available. 
Leg 4 (Figure 2.66C) with 1-segmented exopod bearing only four setae, and 2- 
segmented endopod. Spine and seta formula of legs as follows: 
Coxa Basis Exopod Endopod 
Leg 1 0-0 1-0 1-0; 0-1; I, 5 0-1; 0-1; 11,4 
Leg 2 0-0 1-0 1-0; 0-1; 6 0-1; 0-2; 1,4 
Leg 3 0-0 1-0 1-0; 0-1; 6 0-1; 0-2; 1,4 
Leg 4 0-0 1-0 4 0-1; 1,4 
Urosome small (Figure 2.64C), consisting of genital double-somite and 
incompletely 3-segmented abdomen bearing caudal rami. Genital double-somite 
constituting nearly 60% of urosome length with paired longitudinal genital apertures; 
row of spinules present ventrally on posterior margin. First and second free abdominal 
somites fused dorsally forming sclerotized double tergite (Figure 2.65B), but separate 
ventrally and each ornamented with ventral spinule row along posterior margin (Figures 
2.64C) 2.65C). Anal somite distinct, deeply incised with spinule rows. Each caudal ramus 
armed with only three setae, however setae fragile and easily broken, so armature 
possibly incomplete. 
Antennule 5-segmented (Figure 2.65A), tapering distally, first segment the 
largest; setal formula as follows: 13: 5: 4+ae: 2: 7. 
Antenna 4-segmented with slightly curved terminal claw (Figure 2.64D). 
Coxobasis short, robust with minute inner seta; first endopodal segment robust, wider 
proximally, armed with sclerotized spine medially. Second endopodal segment short, 
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constituting less than one third of first segment length; third endopodal segment very 
reduced to incomplete sclerite. Claw robust, and nearly three times longer than the 
second endopodal segment. 
Mouthparts small (Figure 2.64E). Mandible with anterior, mid and posterior 
blades. Maxillule small with two setae and small medial process. Maxilla comprising 
large syncoxa and small spatulate basis, bearing small sharp teeth anteriorly. 
Remarks 
Three species of Paeonodes have been described: P. exiguus Wilson, found on 
unknown host of family Verillidae from unknown locality; (see Hewitt, 1969) P. 
nemaformis Hewitt, obtained from gills, gill cover and base of the pectoral fins of brown 
trout Salmo trutta Linnaeus, captured in the Haupiri River near Kopara, Greymouth, 
South Island, New Zealand (Hewitt, 1969) and P. lagunaris van Banning from Tilapia 
melanotheron Rüppel, from Saumo-lagoon, Ghana (van Banning, 1974). The first 
species was inadequately described and although the type specimen was re-examined by 
Hewitt it was in a poor condition and he was unable to give more detailed information 
about the swimming legs. 
The present species differs from the known species in swimming legs armature. In 
addition, the previously known species were described as having both rami of leg 4 as 1- 
segmented, but according to the present material, leg 4 is 1-segmented exopod and 2- 
segmented endopod. Leg 4 is difficult to observe and the apparent 1-segmented endopod 
in the three previously described species requires verification. Leg 5 has not been 
reported before in any Paeonodes species, here it is represented by two separate setae 
located posterolaterally on the body surface at the trunk / urosome boundary. One seta 
represents the outer protopodal seta and the other, the exopod. The urosomites are not 
totally fused as reported in the other species: ventrally three abdominal somites are 
defined although the first and second free abdominal somites are fused dorsally. 
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Figure 2.64. Paeonodes subviridis n. sp., adult female. A, dorsal view; B, head, dorsal; 
C, urosome, lateral; D, antenna; E, mouthparts, lateral. Scale bars in micrometres. 
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Figure 2.65 Paeonodes subviridis n. sp., adult female. A, antennule; B, urosome, 
posterior; C, urosome, anterior. Scale bars in micrometres. 
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Figure 2.66. Paeonodes subviridis n. sp., adult female. A, first swimming leg, anterior; 
B, second swimming leg, anterior; C, fourth swimming leg, anterior; D, fifth swimming 
leg. Scale bars in micrometres. 
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2.11 Therodamas Kreyer, 1863 
Differential diagnosis 
Cephalothorax modified, incorporating long neck, cephalic in origin, of variable 
length. Neck separating antennary and oral regions. Antennule 5-segmented, setal 
formula: 11: 5+ae: 4:, 2+ae: 7. Antenna small, 4-segmented, with relatively small curved 
terminal claw. Trunk comprising four poorly defined pedigerous somites. First 
pedigerous somite incorporated into cephalothorax. Mouth located ventrally on 
cephalothorax, posterior to long neck region. Swimming legs 1 to 4 with 3-segmented 
rami, except 2-segmented exopod of leg 4. Leg 5 represented by two setae. Urosome 
inflated, comprising genital complex, incorporating genital double-somite plus second, 
third abdominal somite and anal somites. Caudal rami bearing four caudal setae. 
2.11.1 Therodamas f luviatilis Paggi, 1976 
(Figures 2.67 - 2.71) 
Vouchers 
Nine females (BMNH Reg. No. 1997.1519-1528). 
Locality 
Rio Grande do Sul, Brazil. 
Host 
Mugil cephalus, (as Mugil platanus ). 
Description of female 
Cephalothorax (Figure 2.67A) modified, incorporating "neck" constituting nearly 
20 % of body length, entheathed with folded membrane, entirely cephalic in origin, 
separating antennary and oral regions. Antennary region small, bearing antennule and 
antenna anteriorly; frontal part of cephalic shield small but well defined and ornamented 
with two circular markings dorsally. Rostrum triangular (Figure 2.67B). Antennary 
region bearing two lobate processes directed antero-ventrally but originating posterior to 
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antennae (Figure 2.67C, D). 
Urosome small, inflated (Figure 2.70B); comprising genital complex 
incorporating genital double-somite plus second, third abdominal somite, and anal 
somite. Anal somite deeply incised and ornamented with rows of spinules ventrolaterally. 
Caudal rami with spinules posteriorly and bearing four caudal setae, large medial seta 
spinulate. 
Antennule 5-segmented (Figure 2.68A), tapering distally, first segment the 
largest; setal formula: 11: 5+ae: 4: 2+ae: 7. 
Antenna 4-segmented with curved terminal claw (Figure 2.68B). Coxobasis 
short, massive, with inner seta; first endopodal segment robust, broad proximally and 
tapering distally, armed with sclerotized spine medially. Second endopodal segment 
short, constituting less than one-third of first segment length. Third endopodal segment 
very reduced, bearing minute seta anteriorly (Figure 2.68C). Claw robust, nearly 1.7 
times longer than second endopodal segment. 
Oral region located posterior to long neck region; mouth located ventrally 
(Figure 2.67E). Labrum small, ornamented with small denticles; mouthparts reduced, as 
in Figures 2.69A, B. 
Trunk comprising four poorly defined pedigerous somites, decreasing in width 
posteriorly. First pedigerous somite apparently incorporated into cephalothorax; first 
swimming leg located nearly at middle of trunk (Figure 2.67E). 
Swimming legs 1-4 (Figures 2.69C, D, 2.70A) with all rami 3-segmented, except 
2-segmented endopod of leg 1 and exopod of leg 4. Posterior seta present on outer 
margin of basis of each leg. Setules present on inner margin of first exopodal segment of 
each leg. Posterior margin of interpodal plates of legs not ornamented. Spine and seta 
formula as follows: 
Coxa Basis Exopod 
Leg 1 0-0 1-0 1-0; 0-1; I, 5 
Leg 2 0-0 1-0 1-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 I-0; 5 
Endopod 
0-1; II, 5 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Fifth leg represented by two setae, each carried on separate papilla (Figure 2.70C, D). 
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Remarks 
The original description of T. fluviatilis Paggi was based on material collected 
from five species of Characid freshwater fishes from Argentina. It included details of a 
series of stages of the adult female showing the process of metamorphosis culminating in 
the formation of the cephalic neck region separating the frontal region bearing the 
antennules and antennae from the oral region. In the early stages depicted by Paggi 
(1976) (Figure 2.71A to D) the boundaries between the pedigerous somites are still 
defined and the genital apertures are present, as in any typical ergasilid. In the later 
stages the trunk region bearing the swimming legs becomes inflated (Figures 2.71D, E) 
and the members of each leg pair become separated. Lobes (Figure 2.71F, G) begin to 
form posterior to the frontal, antennary region and the neck is increasingly elongate. The 
trunk becomes so inflated that the boundaries between the pedigerous somites are no 
longer visible (Figure 2.71F, H). The present material from Brazil represents an 
intermediate stage, because the neck is still contracted and the pedigerous somites are 
not fully fused, but the two anterior lobes have appeared on the head. 
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Figure 2.67. Therodamas fluviatilis, adult female. A, dorsal view; B, rostrum; C, head, 
ventral; D, head and neck, lateral; E, adult female, ventral view. Scale bars in 
micrometres. 
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Figure 2.68. Therodamas fluviatilis, adult female. A, antennule; B, antenna, posterior; C, 
antenna, anterior. Scale bars in micrometres. 
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Figure 2.69. Therodamas fluviatilis, adult female. A, B, labrum and mouthparts; C, first 
swimming leg, anterior; D, second swimming leg, anterior. Scale bars in micrometres. 
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Figure 2.70. Therodamas fluviatilis, A, fourth pedigerous somite, anterior; B, urosome, 
anterior; C, lateral view showing fourth and fifth pedigerous somites; D, fifth swimming 
leg. Scale bars in micrometres. 
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Figure 2.71. Therodamas fluviatilis, metamorphosis of adult female. A-E, initial stages; 
F, final stage; G, head, showing the posterior lobes.; H, lateral view showing both initial 
(right) and final stage (left). (After Paggi, 1976). Scale bars in micrometres. 
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CHAPTER 3 
THE ERGASILUS LIZAE -COMPLEX 
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3.1 INTRODUCTION 
Ergasilus lizae was first described by Kroyer in 1863, based on specimens 
collected from Mugil curema (as Mugil liza) from New Orleans, USA. Kroyer's 
description was brief and without illustrations (Kroyer, 1863: 232). A few years later, E. 
lizae was described again under the name E. nanus by van Beneden in 1870, from Mugil 
chelo collected in the North Sea (Belgian Coast) and in the Channel (La Manche). 
Subsequently E. lizae has been reported by many authors from many different 
geographical areas. Around the Mediterranean region and in the Eastern Atlantic it has 
commonly been reported under the synonym E. nanus (Table 3.1). 
Wilson (1911: 340-341) translated and commented on Kroyer's description, 
remarking that no grey mullet from the type locality (New Orleans) had been examined 
for parasites since Kroyer's time. Twenty five years later, E. lizae was re-described and 
illustrated by Bere (1936: 581, p. 1.2,24-35), who found it on the gills of grey mullet (M. 
cephalus and M curema) and on the broad killifish Floridichthys carpio from the Gulf 
of Mexico. Bere's description agreed in general with Kroyer's but she omitted many 
important diagnostic features of E. lizae (see discussion). Roberts (1970) revised the 
genus Ergasilus from North America and he gave a brief diagnosis of E. lizae based on 
the examination of material from Georgia (USA), Chile, and the Eastern Mediterranean. 
Ben Hassine and Raibaut (1980) synonymized E. nanus van Beneden with E. 
lizae Kroyer, based on comparisons of material from around the Mediterranean Sea with 
material from the Gulf of Mexico. They also studied the life cycle of E. lizae in the 
Mediterranean, providing a detailed description of the adult male as well as the female 
(Ben Hassine & Raibaut, 1981). 
Ergasilus lizae has been reported from different geographical areas on many 
different species of the genus Mugil which itself exhibits a cosmopolitan distribution. E. 
lizae has been regarded as a cosmopolitan parasite of Mugil (Roberts, 1970; Kabata, 
1992). The identification of this species by many authors was probably erroneous and 
unreliable, since the previous descriptions were not based on the type material and were 
incomplete. Such confusion in the identification of this species demonstrates the need for 
it to be redescribed in detail and to a modern standard, with appropriate illustrations. 
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3.2 PREVIOUS RECORDS 
E. lizae was described by Kroyer (1863) from New Orleans, on Mugil curema 
(as Mugil liza). Subsequent records of this species are summarized in Table 3.1. 
Table 3.1. Records of E. lizae on various host fishes. 
Author Host Locality 
* van Beneden, 1870 Mugil chelo North Sea; La Manche 
* Richardi, 1880 M cephalus; M capito; M Mediterranean, Italy 
auratus; M saliens 
* Valle, 1880 M saliens Mediterranean, Italy 
* Brian, 1906 M chelo, M capito Mediterranean, Italy 
* Scott, 1913 Crenimugil labrosus England 
* Wilson, 1923 M cephalus Egypt 
* Wilson, 1935 M cephalus Gulf of Mexico 
Bere, 1936 M cephalus, M curema, Gulf of Mexico 
Floridichthys carpio (Günther), 
Fundulus similis (Baird & Girard); 
Fundulus grandis Baird & Girard 
* Pearse, 1947 M cephalus Beaufort, North Carolina 
Pearse, 1952 M cephalus Coast of Texas 
* Delamare Deboutteville M saliens, M capito France 
& Nunes, 1952 
Causey, 1953 M cephalus Port Aransas (Texas) 
Causey, 1955 Leiostomus xanthurus Lacepede Gulf of Mexico. 
Chaetodipterus faber (Broussonet) 
Markevitch, 1956 M chelo, M capito, M cephalus, Black Sea, URSS 
Clarius anguillaris (Linnaeus), 
Caspialosa kessleri pontica 
(Grimm), Syngnathus typhle L. 
1958 *Koval & Pirianik Caspialosa caspia nordmanni Bulgaria , 
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(Eichwald) 
**Kelly & Allison, 1962 Centrarchid fishes. Lake Shelby, Alabama. 
* Paperna, 1964 M capito, M cephalus, Tilapia zilli Israel 
(Gervais), Tilapia galilaea 
(Linnaeus), Anguilla anguilla 
(Linnaeus) 
Roberts, 1969 Mugil peruanus, M cephalus Chile, Georgia Coast 
Roberts, 1970 M cephalus; M peruanus Georgia Coast; Coast of 
Hildebrand; M trichodon Chile; Puerto Rico. 
* Raibaut, Ben Hassine & Liza ramada, Liza saliens, M. Lake Ischkeul, Tunisia 
Maamouri, 1971 cephalus, Alosafallax (Lacepede), 
Barbus barbus (Linnaeus) 
Johnson & Rogers, 1973 Cyprinodon variegatus Lacepede, Gulf of Mexico. 
Fundulus grandis. 
Lepomis macrochirus Rafinesque, 
Leiostomus xanthurus, Lagodon 
rhomboides (Linnaeus) 
M cephalus, M curema 
* Ben Hassine, 1974 Liza ramada, Liza saliens, M Lake Ischkeul, Tunisia 
cephalus, Liza aurata, Solea solea 
(Linnaeus), Alosafallax, Barbus 
barbus 
* Paperna, 1975 M cephalus Israel 
Raibaut, Ben Hassine & Liza ramada, Liza saliens, M Lake Ischkeul, Tunisia 
Prunus, 1975 cephalus, Liza aurata. 
Hanan, 1976 Cymatogaster aggregatus Gibbons Anaheim Bay and 
Huntington Harbour, 
California 
* Raibaut & Ben Hassine, Liza ramada, Liza saliens, M Lake Ischkeul, Tunisia 
1977 cephalus, Liza aurata, Solea solea, 
Alosa fallax, Barbus barbus, 
Anguilla anguilla. 
Liza saliens. Gulf of Gabes 
M cephalus Lake of Tunisia 
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Kabata, 1979 Crenimugil labrosus England 
*Braun, 1981 Liza ramada, Liza saliens, M France 
cephalus, Liza aurata, Chelon 
labrosus, Belone belone, Cyprinus 
carpio Linnaeus, Rutilus rutilus 
(Linnaeus), Silurus glanis Linnaeus, 
Sparus aurata Linnaeus 
* Ben Hassire, Braun & Liza ramada, Liza saliens, M France 
Raibaut, 1982 cephalus, Liza aurata, Chelon 
labrosus 
* Radujkovic, 1982 Chelon labrosus Adriatic, Yugoslavia 
Knoff et al., 1994 M platanus Rio de Janeiro, Brazil 
*See Ben Hassine and Raibaut, 1980, Ben Hassine, 1983; ** See Roberts, 1969. 
3.3 REDESCRIPTION OF ERGASILUS LIZAE KROYER, 1863. 
(Figures 3.1 - 3.8) 
Synonymy 
E. lizae Kreger, 1863 
E. lizae Kroyer; Bere (1936) 
E. lizae Kr e yer; Roberts (1970) 
E. lizae Kroyer; Ben Hassine (1983) 
E. nanus van Beneden, 1870 
(Non) E. lizae Kroyer; Byrnes (1986) 
(Non) E. lizae Kroyer; Kabata (1992) 
Original Description 
Ergasilus lizae Kroger, 1863: Naturhistorisk Tidsskrift, P. 306,307. 
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The redescription is based on the Lectotype: 
E. lizae Kroyer, 1863 from Mugil curema (M. liza) at New Orleans, Louisiana, 
USA. Lectotype material deposited in Copenhagen Zoological Museum (Reg. No.: 
Lectotype CRU-7091), (Paralectotypes CRU-7092). 
Description of lectotype female of E. lizae 
Cephalothorax violin-shaped, constricted in middle, anterior half slightly larger 
than posterior (Figure 3.1 A). Body length 0.85 mm, body width 0.35 mm. Dorsal 
cephalic shield ornamented with inverted T-shaped marking. First pedigerous somite 
delimited anteriorly by constriction; free second to fourth pedigerous somites narrowing 
posteriorly. 
Genital double-somite barrel-shaped (Figure 3.1B), ornamented with transverse 
rows of spinules on ventral surface. Three free abdominal somites decreasing in width 
posteriorly: first and second nearly equal in length and ornamented with rows of spinules 
ventrally. Anal somite deeply incised, about two-thirds of preceeding somite length. 
Posterior margin of abdominal somites ornamented with rows of spinules. Caudal rami 
nearly as long as anal somite; each ramus armed with large medial seta, two small setae 
ventrally and outer seta dorsally. 
Antennule 6-segmented (Figure 3.2), tapering distally, second segment largest; 
setal formula as follows: 3: 13: 5+ae: 4+ae: 2+ae: 7+ae. 
Antenna 4-segmented with curved terminal claw (Figure 3.3A). Coxobasis short; 
first endopodal segment about 4.5 times average width; armed with peg seta medially at 
two-thirds length. Second endopodal segment long, armed with minute spine proximally 
and another distally on concave margin. Second plus small third endopodal segments 
together comprising more than 90% of length of first endopodal segment. Claw nearly 
two-thirds of previous segment length, with fossa distally on concave margin. 
Mouthparts (Figure 3.4A-E): labrum ornamented with two spinule rows 
anteriorly, posterior margin spinulate (Figure 3.4 A). Mandible unsegmented, bearing 
anterior, mid and posterior blades; anterior blade small with teeth on anterior margin; 
posterior blade with teeth on posterior margin (Figure 3.4B). Maxillule lobate bearing 
three unequal outer setae and minute process medially (Figure 3.4 Q. Maxilla consisting 
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of large syncoxa ornamented with spinules, tapering distally and small spatulate basis, 
armed anteriorly with rows of sharp teeth, and bearing long spinulate seta on basis 
(Figure 3.4D, E). 
Swimming legs 1-4 (Figures 3.5-3.8A) with all rami 3-segmented, except 2- 
segmented exopod of leg 4. Basis with two rows of spinules along inner margin (except 
leg 1). Outer seta present on posterior surface of basis of all legs. Outer margins of both 
rami spinulate. Setules present on inner margin of first exopodal segment of all legs; and 
on outer margin of all endopodal segments of legs 1-4. Area anterior to first swimming 
leg spinulate; rows of small spinules present on posterior margin of interpodal plates 
(Figure 3.3B). Curved row of spinules present on posterior surface of exopodal segments 
of leg 1; inner setae on endopodal segments of leg 1 armed with setules proximally, 
followed by spinules (Figure 3.5). Basis of leg 2 with small conical process located 
anteriorly between rami (arrowed in Figure 3.6). Seta and spine formula as follows: 
Coxa basis Exopod 
Leg 1 0-0 1-0 1-0; I-1; H, 5 
Leg 2 0-0 1-0 I-0; 0-1; 6 
Leg 3 0-0 1-0 1-0; 0-1; 6 
Leg 4 0-0 1-0 1-0; 5 
Endopod 
0-1; 0-1; 11,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,4 
0-1; 0-2; 1,3 
Leg 5 (Figure 3.8B) 2-segmented, protopod bearing outer seta; free exopod long, 
bearing small lateral seta bearing setules and two longer setae. 
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3.4 NEW MATERIAL FROM NHM COLLECTIONS 
Mugilids in the fish collections of the NHM, London were found to be infected 
with E. lizae (Table 3.2). 
Records of infected hosts 
Table 3.2. Mean body length and width measurements (mm) of E. lizae recorded on 
Chelon labrosus and Mugil curema from different localities. (N = number of specimens). 
(± SD) 
Host Locality Mean length Mean width N 
C. labrosus Thrace, Greece 0.89 ± 0.04 mm 0.32 ± 0.02 mm 10 N 
C. labrosus Villefranche, France 1.03 mm 0.44 mm 1? 
C. labrosus Ambla R., Dalmatia 0.87 mm 0.34 mm 1? 
C. labrosus Off Shoreham Harbour, UK 1.10 ± 0.41 mm 0.37± 0.04 mm 29 
M curema Gulf of Cariaco, Venezuela 0.81 ± 0.03 mm 0.36 ± 0.04 mm 59 
M. curema English Harbour, Antigua 0.82 ± 0.03 mm 0.43 ± 0.02 mm 69 
M. curema British Guyana. 0.88 ± 0.05 mm 0.34 ± 0.03 mm 6? 
M. curema Panama 1.0 ± 0.05 mm 0.42 ± 0.02 mm 59 
M curema Jamaica 0.89 ± 0.3 mm 0.37 ± 0.02 mm 5? 
M. curema Belize 0.95 f 0.02 mm 0.34 ± 0.02 mm 59 
M. curema Santos, Brazil 0.92 f 0.01 mm 0.35 ± 0.03 mm 3? 
M. curema Brazil 0.81 mm 0.28 mm 
-1? 
Length measured from rostrum to end caudal rami, width at widest part of cephalothorax 
The material from the Mediterranean, Venezuela and Antigua exhibits all the diagnostic 
features of E. lizae, but the antenna is slightly smaller than that of the type material. The 
material from British Guyana has a pigmented body and the exopod of leg 5 is spinulate. 
These differences are interpreted here as geographical variation. 
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3.5 REMARKS 
In the original description of E. lizae based on material from M. curema (as M. 
liza) collected in New Orleans, Kroyer (1863) noted the violin-shaped cephalothorax, the 
antennule, the proportions of the antennal segments; and the urosome; but he did not 
give an adequate description for the mouthparts and the armature of the swimming legs, 
and did not provide illustrations with his description. Wilson (1911) translated and 
commented on Kroyer's description, but he did not examine any material. 
Bere (1936) redescribed E. lizae from material found on the gills of grey mullet 
(M. cephalus and M curema) and the broad killifish from the Gulf of Mexico, Florida. 
She illustrated her description, which agreed in general with Kroyer's. Bere figured the 
conical process on the basis between the rami of leg 2, but she missed many other 
important diagnostic features of the mouthparts of E. lizae: showing only two setae on 
the maxillule rather than three setae and a medial process as present in the lectotype of E. 
lizae; and overlooking the spinulate seta on the basis of the maxilla that is present in E. 
lizae. Bere described the fifth leg as 1-segmented, elongate, tipped with two setae 
instead of 2-segmented bearing three setae on the free exopod. The descriptions of the 
swimming legs also lacked many details: the terminal exopodal segment of leg 1 was 
figured with four inner setae instead of five, the tiny outer spine on the first exopodal 
segment of legs 2 and 3 is missing, the terminal exopodal segment of leg 2 has only five 
inner setae instead of six, the first endopodal segment of leg 3 lacks the inner seta and 
the terminal exopodal segment of leg 4 has four inner setae instead of five. 
Roberts (1970) revised the North American species of Ergasilus, he examined 
material from Mugil cephalus, Georgia Coast (LSR, USNM No. 123650); Mugil 
peruanus, Rio Aconcagua, Chile (LSR, USNM No. 123649); Mugil trichodon, Puerto 
Rico (LSR, USNM No. 127216); M cephalus, brackish river mouth Mediterranean coast 
of Israel (S. Sang, USNM No. 127217). Roberts gave a brief diagnosis of E. lizae, in 
which he pointed out the anterior conical process between the rami on the basis of the 
second swimming leg. He did not describe either the mouthparts or the swimming legs. 
He commented that Bere's material appeared to have been correctly identified and that 
his material was conspecific with Bere's. In addition, he indicated that the proportional 
length of the antennary claw relative to the third segment was variable: in specimens 
from Georgia and Puerto Rico, the claw was 0.6-0.63 times the length of the third 
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segment, whereas in the Chilean and Mediterranean specimens it was relatively shorter 
(0.45-0.5 times length of third segment). 
Markevitch (1956) reported E. nanus from several species of Mugilidae from the 
Soviet waters of the Black Sea (Table 3.1). He described the maxillule as having four 
"bristles", three located on an external ramus and one internal, he also described the 
maxilla with the spinulate seta on the basis. The mouthparts are typical of E. lizae. He 
did not describe the swimming legs in detail. 
Ben Hassine & Raibaut (1980) synonymized E. nanus van Beneden with E. lizae 
Kroyer, based on their comparisons of material from many regions in the Mediterranean, 
with material from the Gulf of Mexico. Ben Hassine (1983) studied the ontogeny of E. 
lizae from Tunisia and provided detailed descriptions of the developmental stages of both 
sexes. Her material was from Liza aurata (Risso). Her description of the adult female is 
in accord with the lectotype, especially with regard to the mouthparts and swimming 
legs. The setation of the antennule in Ben Hassine's description differs slightly from the 
type and she missed few details, such as the protopodal seta of leg 5 and the 
ornamentation on the basis of the swimming legs and urosome. She recorded E. lizae 
from five species of grey mullet and from other hosts from Tunisia and France (Table 
3.1). 
Byrnes (1986) reported E. lizae from three species of bream from localities 
around eastern and southern Australia. He mistakenly identified his material as E. lizae. 
According to his figures (Figures 23-26), the cephalothorax is oval and inflated, with the 
rostral area slightly elevated, in contrast, E. lizae is typified by its violin-shaped 
cephalothorax. The second endopodal segment of the antenna in Byrnes' material is 
curved and a spinule is present near the middle of the concave margin, whereas that of E. 
lizae is straight and has spinules both proximally and distally. In addition, the maxillule 
has two outer setae instead of three as in E. lizae. Byrnes (1986) did not describe the 
swimming legs, but since he confirmed that they are identical to Roubal's description (of 
E. australiensis) it can be concluded that there are many differences from E. lizae. 
Kabata (1992) reported E. lizae from Brisbane River, Australia on M cephalus 
and Trachystomapetardi (Castelnau). On the basis of his description (Figures 5-17), it is 
concluded that his material is not E. lizae. Kabata's specimens has an oblong 
cephalothorax with slightly elevated rostrum whereas that of E. lizae is violin-shaped; the 
second endopodal segment of the antenna is long and curved, whereas that of E. lizae is 
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nearly straight. The maxillule has only two outer setae, but in E. lizae there are three 
outer setae and a medial process. The spinulate seta on the basis of the maxilla which is 
characteristic for E. lizae is absent in Kabata's material. The interpodal plates are not 
ornamented whereas in E. lizae they are heavily spinulate. The bases of the swimming 
legs of E. lizae are not so heavily spinulate as in Kabata's material. The outer spine on 
the second exopodal segment of leg 1, characteristic of E. lizae, is absent in Kabata's 
material. The fifth leg has only two terminal setae in contrast to that of E. lizae which 
carries two terminal setae and one lateral. All these differences confirm that the 
Australian material is not conspecific with E. lizae. 
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Figure 3.1. Ergasilus lizae, adult female. A, dorsal view; B, urosome. Scale bars in 
micrometres. 
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Figure 3.2. Ergasilus lizae, adult female. A, antennule. Scale bars in micrometres. 
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Figure 3.3. Ergasilus lizae, adult female. A, antenna; B, interpodal plates, anterior. Scale 
bars in micrometres. 
221 
A 
VaVVVVaVaVVaQaVVVG 
OaVVVVV0VVV0VVV 
V`1, 
VQ 
Q" 
VOVVQQVVVVV 
`VV 
voo ppp, 
ppppvýVp 
`ao``vpvpvvvvG 
vp4vn9v 
4DvpppVOVOV0004aaaQav 
C) 
yr iv 
""", 
n -I V4 IV vo,, Vn ""'41, 
- YV Yi rr vv 
rYVv 
III f 
II 
YIY 
rYI 
lr 
vrý4rv 
yv Vvy 
yVy 
Yry 
yvy 
vu yr VJvv vrvw.. ýý.. N. var wvv 
Figure 3.4. Ergasilus lizae, adult female. A, labrum; B, mandible; C, maxillule; D, 
maxilla; E, basis of maxilla. Scale bars in micrometres 
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Figure 3.5. Ergasilus lizae, adult female. A, first swimming leg, anterior. Scale bars in 
micrometres 
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Figure 3.6. Ergasilus lizae, adult female. Second swimming leg, anterior. Scale bars in 
micrometres. 
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Figure 3.7. Ergasilus lizae, adult female. A, third swimming leg, anterior. Scale bars in micrometres. 
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Figure 3.8. Ergasilus lizae, adult female. A, fourth swimming leg, anterior; B, leg 5. 
Scale bars in micrometres. 
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3.6 ERGASILUS LIZAE SPECIES GROUP 
Several species described from North and South America and from Russia, 
appear to be closely related to E. lizae, most of them occur on different species of 
Mugilidae, but two species occured on hosts other than mugilids. This group of species 
shares the following characteristics: the violin-shaped cephalothorax; the maxillule with 3 
setae and a medial process; the spinulate seta on the basis of the maxilla; the conical 
process on the basis of the second swimming leg; the pattern of spinulation and armature 
of the swimming legs and leg 5. The E. lizae group comprises the following species: E. 
arthrosis Roberts, 1969; E. tissinesis Djachenko, 1969; E. parabahiensis n. sp; E. 
atafonensis Amado & Rocha, 1995; plus four new species described below. The four 
new species of Ergasilus and E. atafonensis occured only on mugilid hosts whereas E. 
arthrosis has been recorded on many species of North American Catfishes (Ictalurus 
punctatus, I. nebulosus, I. natalis, I. melas), the Clupeidae, Alosa chrysochloris and the 
Centrarchidae, Lepomis macrochirus; and E. tissinessis was found on some Cyprinid 
hosts in Russia. 
Roberts (1969) compared specimens of E. arthrosis (USNM. No. 43509) with 
specimens of E. lizae (USNM. No. 123649) taken from Mugil peruanus colleted north 
of Valparaiso, Chile (Museum of Zoology, University of Massachusetts, No. 24-374-3-1 
and USNM. No. 123650), taken from M. cephalus collected on the Georgia coast, USA 
(Museum of Zoology, University of Massachusetts, No. 24-374-2). He concluded that 
these specimens of E. lizae are similar to E. arthrosis in general body shape and in many 
details of the ornamentation and armature of the legs, but he found differences in the 
antennal segments of the two species. They differ in the second endopodal segment and 
the claw of E. lizae being more slender, the claw is proportionally shorter and the basal 
segment is slightly inflated posteriorly. The fusion of cephalosome with the first 
pedigerous somite is more distinct in E. lizae. Roberts concluded that it is probable that 
one species had been derived from the other relatively recently, facilitated by the 
estuarine habitat of the hosts. E. tissenesis shares all of the characteristic features of E. 
lizae, except the mouthparts were not described. 
E. parabahiensis found on Mugil curema from Guyana, also exhibits all the 
diagnostic features of E. lizae but it differs in possessing small and short antennal 
segments, and the conical process on the basis of leg 2 is absent. 
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Amado and Rocha (1995) described E. atafonensis on M. curema, M. trichodon 
and M. platanus Günther from Rio de Janeiro, Rio Grande do Sul and other states in 
Brazil. This species differs slightly from E. lizae: the membrane between the coxobasis 
and the first endopodal segment of the antenna is more inflated and the spinulate seta on 
the basis of the maxilla and the conical process on the basis of the second leg are both 
missing. Assuming that these last two characters have not been overlooked, this species 
is a close relative to E. lizae since it shares all other diagnostic features. 
During the present work, material that appeared to be very closely related to E. 
lizae was collected. This material was found on Mugil bananesis, M. cephalus and M 
curema from many localities in both Eastern and Western Atlantic. Four new sibling 
species are recognized here and described below. 
3.6.1 E. bananensis n. sp. 
(Figures 3.9 - 3.10) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1642), female paratypes (BMNH Reg. 
Nos. 1999.1643-1644). 
Type Locality 
Keta, Gold Coast, Ghana (3 9 ). 
Type Host 
M. bananensis (Pellegrin) 
Etymology 
The specific name refers to the host. 
Site of attachment 
Gill rakers. 
Description of female 
Cephalothorax violin-shaped, anterior half larger than posterior (Figure 3.9A). 
Mean body length 0.73 ± 0.02 mm, mean body width 0.28 ± 0.01 mm (n = 3). Dorsal 
cephalic shield ornamented with inverted T-shaped marking. Rostrum oval with 4 
sensillae and three integumental pores (Figure 3.9B). First pedigerous somite delimited 
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anteriorly by constriction; free second to fourth pedigerous somites narrowing 
posteriorly. Genital double-somite barrel-shaped, ornamented with transverse rows of 
large spinules on ventral surface. Three free abdominal somites decreasing in width 
posteriorly. 
Antennule 6-segmented, setal formula as follows: 3: 13: 5: 4: 2+ae: 7+ae. 
Antenna 4-segmented with curved terminal claw (Figure 3.9C). Coxobasis short; 
first endopodal segment robust, length about 2.5 times average width; armed with peg 
seta medially at two-thirds length. Second endopodal segment short, armed with spinule 
proximally and distally on concave margin; Second plus small third endopodal segment 
together constituting nearly 60% of length of first endopodal segment. Third segment 
with small seta anteriorly. Claw nearly 75% length of previous segment, with fossa 
distally on concave margin. 
Mandible (Figure 3.9D) unsegmented, bearing anterior, mid and posterior blades; 
anterior blade small with teeth on anterior margin; posterior blade with teeth on posterior 
margin. Maxillule lobate bearing three outer setae and minute process medially. Maxilla 
consisting of large syncoxa ornamented with spinules, and small spatulate basis, armed 
anteriorly with rows of sharp teeth, and bearing long spinulate seta on basis (Figure 
3.9E). 
Swimming legs 1-4 with all rami 3-segmented except 2-segmented exopod of leg 
4. Basis with two rows of spinules along inner margin and outer seta on posterior surface 
in all legs. Outer margins of both rami spinulate. Setules present on inner margin of first 
exopodal segment of all legs and on outer margins of all endopodal segments of legs 1-4. 
Area anterior to first swimming leg spinulate; rows of spinules present on interpodal 
plates (Figure 3.1 0A). Curved row of spinules present on posterior surface of exopodal 
segments of leg 1. Basis of leg 2 with characteristic small conical process located 
anteriorly between rami (Figure 3.1 OB). Seta and spine formula of legs as for E. lizae. 
Leg 5 (Figure 3.1OC) 2-segmented, protopod bearing outer seta; free exopodal segment 
long, bearing small lateral seta and two longer setae. 
Remarks 
The new species is closely related to E. lizae, since it shares all the characteristic 
features, including violin-shaped cephalothorax; three setae and medial process on the 
maxillule; spinulate seta on the basis of the maxilla; the armature and spinular 
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ornamentation of the swimming legs, and the conical process on the basis of leg 2 
between the rami. The new species differs from E. lizae in the antenna, which is much 
smaller than that of E. lizae. In addition, the first and second endopodal segments of the 
antenna are shorter and wider than those of E. lizae. The inner setae on endopodal 
segments of the first leg are armed with setules only, whereas fewer setules and more 
spinules are present in E. lizae. The new species differs from E. parabahiensis in the 
antenna: the claw is nearly three-quarters the length of the second endopodal segment 
whereas it is nearly as long as the segment in E. parabahiensis. In addition, the conical 
process on the basis of the second leg of the new species is absent in E. parabahiensis; 
and the interpodal plates are ornamented posteriorly with many spinule rows in the new 
species, whereas only one row of spinules is present in E. parabahiensis. 
3.6.2 E. guyananesis n. sp. 
(Figures 3.11 - 3.12) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1645), female paratypes (BMNH Reg. 
Nos. 1999.1646-1648). 
Type Locality 
Guyana (West Atlantic). 
Type Host 
M curema. 
Etymology 
The specific name refers to the type locality. 
Description of female 
The material on M. curema from Guyana resembles the material found on M. 
bananesis from Lagos; it exhibits all the characteristic features including the violin-shape 
of cephalothorax (Figure 3.11A); the labrum and mouthparts (Figure 3.11C, D); the 
antenna (Figure 3.12A); and the armature of the swimming legs. However, the spinules 
ornamenting this material are unusually large, especially on the urosome 
(Figure 3.11 B); 
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the area anterior to the first swimming leg, and the posterior margins of the interpodal 
plates (Figure 3.12B), and the inner margin of basis and outer rami of swimming legs 
(Figure 3.12C). In addition, the exopod of leg 5 and its setae are spinulate (Figure 
3.12D). 
Other Records: Lagos, Nigeria; Sierra Leone (East Atlantic). 
Variability: The material on M curema from Lagos has mean body length of 0.90 ± 0.02 
mm and mean width 0.36 ± 0.01 mm (n = 5). The antenna is slightly larger than that on 
the material from M bananensis caught at Lagos: the first and the second endopodal 
segments are longer than in material from M. bananensis; and the claw is smaller (about 
two-thirds of the length of the second endopodal segment in the material from M. 
curema, compared to three-quarters in that from M. bananensis). The posterior margin 
of the interpodal plates has one row of long spinules but many rows are present in the 
material from M. bananensis. The exopod of leg 5 in the material from M curema bears 
spinules. 
3.6.3 E. paralizae n. sp. 
(Figures 3.13 - 3.15) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1649), female paratypes (BMNH Reg. 
Nos. 1999.1650-1652). 
Type Locality 
Lagos, Nigeria (10? ) 
Type Host 
M. bananensis. 
Other Records 
Congo (2). 
Etymology 
The specific name refers to the similarity of this species to E. lizae. 
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Site of attachment 
Gill rakers. 
Description of female 
Cephalothorax violin-shaped, anterior half larger than posterior (Figure 3.13A). 
Mean body length 0.70 ± 0.06 mm, mean body width 0.30 ± 0.02 mm (n = 10). Rostrum 
oval with two long and two small sensillae, and three integumental pores (Figure 3.13B). 
First pedigerous somite delimited anteriorly by constriction; free second to fourth 
pedigerous somites narrowing posteriorly. Females attached to bases of gill rakers 
(Figure 3.13C). 
Genital double-somite barrel-shaped, ornamented with rows of spinules on 
ventral surface. Three free abdominal somites decreasing in width posteriorly. Medial 
caudal seta spinulate (Figure 3.13D). 
Antennule 6-segmented, tapering distally, setal formula as follows: 3: 13: 5: 4: 
2+ae: 7+ae. 
Antenna 4-segmented with curved terminal claw (Figure 3.13A). Coxobasis 
short; first endopodal segment about 3.7 times longer than mean width; armed with peg 
seta medially at two-thirds length. Second endopodal segment long, armed with one 
spinule proximally and one distally on concave margin. Third endopodal segment bearing 
small setule anteriorly. Second plus small third endopodal segment together slightly 
shorter than first endopodal segment. Claw constituting nearly 55% of second endopodal 
segment length; small spinule present posteriorly at base of claw (see inset in Figure 
3.14A). 
Mandible (Figure 3.14B) unsegmented, bearing anterior, mid and posterior 
blades; anterior blade small with teeth on both margins; posterior blade with teeth on 
posterior margin. Maxillule lobate bearing three outer setae and minute process medially 
(Figure 3.14B, Q. Maxilla consisting of large syncoxa ornamented with spinules, 
tapering distally, and small spatulate basis, armed anteriorly with rows of sharp teeth and 
bearing long spinulate seta (Figure 3.14C). 
Swimming legs 1-4 with all rami 3-segmented except 2-segmented exopod of leg 
4. Basis with two rows of spinules along inner margin and with outer seta on posterior 
surface in all legs. Outer margins of both rami spinulate. Setules present on inner margin 
of first exopodal segment and outer margin of all endopodal segments in all legs. Area 
232 
anterior to first swimming leg spinulate; rows of small spinules present posteriorly on 
interpodal plates (Figure 3.14D). Curved row of spinules present on dorsal surface of 
exopodal segment of leg 1. Inner setae on endopodal segments of leg 1 armed with 
setules. Basis of leg 2 with small conical process located anteriorly between rami (Figure 
3.15A). Seta and spine formula of legs 1 to 4 similar to E. lizae. 
Leg 5 (Figure 3.14B, C) 2-segmented, protopod bearing outer seta; free exopod 
small, with few spinules, bearing small lateral seta and two longer terminal setae. 
Records on other hosts 
Host: M. curema 
Locality: Lagos (2O); Senegal (1O) 
Host: M cephalus 
Locality: Lagos, Nigeria 
Variability: The material from Lagos is smaller (mean body length 0.60 ± 0.04 mm, 
mean width 0.27 ± 0.02 mm) than that from Senegal (mean body length 0.76 f 0.03 mm, 
mean width 0.28 ± 0.0 l mm). 
Remarks 
The new species is closely related to E. lizae, since it shares all the diagnostic 
features. The new species differs from E. lizae in the antenna: the claw is smaller relative 
to the second endopodal segment than that of E. lizae; the interpodal plates are 
ornamented with a single row of spinules whereas at least three rows are present in E. 
lizae; the inner setae on the endopodal segments of leg 1 are armed with setules only 
whereas they armed with both setules and spinules in E. lizae and the exopod of leg 5 is 
smaller and wider than that of E. lizae. The fifth leg resembles that of E. inflatipes but 
the new species differs from E. inf Zatipes in the armature of leg 4 since the terminal 
endopodal segment is armed with three inner setae whereas only two are present in E. 
inflatipes. 
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3.6.4 E. congoensis n. sp. 
(Figures 3.16 - 3.18) 
Type-material 
Female holotype (BMNH Reg. No. 1999.1653), female paratypes (BMNH Reg. 
Nos. 1999.1654-1657). 
Type Locality 
Congo. 
Type Host 
M bananensis. 
Etymology 
The specific name refers to the type locality. 
Site of attachment 
Gill filament. 
Records on other hosts 
Host: M curema 
Locality: St. Luis, Senegal (1 ? ), Lagos, Nigeria (1 ý ). 
Host: M cephalus 
Locality: Congo 
Description of female 
Cephalothorax slightly constricted posteriorly (Figure 3.16A). Mean body length 
0.91 ± 0.06 mm, mean body width 0.3 8±0.01 mm (n = 3). Cephalic shield ornamented 
with inverted T-shape marking (Figure 3.16B). Rostrum rectangular, with two long and 
six smaller sensillae plus one integumental pore (Figure 3.16C). First pedigerous somite 
delimited anteriorly by constriction; free second to fourth pedigerous somites narrowing 
posteriorly. 
Genital double-somite barrel-shaped, ornamented with transverse rows of 
spinules on ventral surface. Three free abdominal somites decreasing in width 
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posteriorly. Spinules on posterior margin of anal somite large. Medial caudal seta 
spinulate (Figure 3.16D). 
Antennule 6-segmented, tapering distally, setal formula as follows: 3: 13: 5: 4: 
2+ae: 7+ae. 
Antenna 4-segmented with curved terminal claw (Figure 3.17A). Coxobasis 
short; first endopodal segment long, about 3.8 times average width; armed with peg seta 
medially at midlength. Second endopodal segment long, armed with one spinule 
proximally and one distally on concave margin. Second plus small third endopodal 
segment together nearly constituting 92% of length of first endopodal segment. Claw 
long, constituting nearly 75% of second endopodal segment length; small spinule present 
posteriorly at base of claw (see inset). 
Mandible (Figure 3.17B) unsegmented, bearing anterior, mid and posterior 
blades; anterior blade small with teeth on anterior margin; mid and posterior blades with 
short broad teeth on posterior margin. Maxillule lobate bearing three outer setae and 
minute process medially (Figure 3.17C). Maxilla consisting of large syncoxa ornamented 
with spinules, and small spatulate basis, armed anteriorly with rows of sharp teeth and 
bearing long spinulate seta (Figure 3.17D). 
Swimming legs 1-4 with all rami 3-segmented except 2-segmented exopod of leg 
4. Basis with two rows of spinules along inner margin and outer seta on posterior surface 
in all legs. Outer margins of both rami spinulate. Setules present on inner margin of first 
exopodal segment and on outer margins of all endopodal segments of legs 1-4. Area 
anterior to first swimming leg ornamented with pits only; row of fine spinules present on 
posterior margin of each interpodal plate (Figure 3.18A). Curved row of spinules present 
on posterior surface of exopodal segments of leg 1. Inner setae on endopodal segments 
of leg 1 armed proximally with few setules, then spinules distally. Basis of leg 2 with 
small conical process located between rami (Figure 3.18B). Seta and spine formula of 
legs 1 to 4 as in E. lizae. Leg 5 protopod bearing seta; free exopod long, bearing small 
lateral seta and two longer setae (Figure 3.18C). 
Remarks 
The new species also shares all the diagnostic features of the E. lizae group. It 
differs from E. lizae mainly in the mandible: the posterior and mid blades are armed with 
short broad teeth whereas those on these mandiblular blades of E. lizae are long and thin. 
235 
The claw of the antenna is longer (equal to 75% of the second endopodal segment 
length) than that of E. lizae. The interpodal plates are each ornamented with a single row 
of fine spinules whereas at least three rows are present in E. lizae. 
3.6.5 Discussion 
The E. lizae group now comprises nine species, including the four new species 
described here. All share the diagnostic features, some of which such as the retention of 
the spinulate seta on the maxillary basis, are probably symplesiomorphies, whereas 
others, such as the possession of the novel conical process on the basis of leg 2, are 
probably synapomorphies. The consistent fine scale differences between some members 
of this species group demonstrate the importance of ornamentation patterns as 
taxonomic characters. The spinulation patterns on urosomites, caudal rami, interpodal 
plates and fifth legs have particular importance. Even characters such as the form of the 
teeth on the mandibular blades can be valuable characters. 
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Figure 3.9. Frgasilus bemante»sis n. sp., adult female. A, dorsal view; B, rostrum; C, 
antenna; D, labrum, mandible and maxillule; E, maxilla. Scale bars in micrometres. 
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Figure 3.10. Ergasilus hwitwelnsis n. sp., adult female. A, interpodal plates; B, second 
swimming leg, anterior; C, leg 5. Scale bars in micrometres. 
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Figure 3.11. Ergasilus g7uyafnanesis n. sp., adult female. A, dorsal view; B, urosome; C, 
labrum; D, mouhtparts. Scale bars in micrometres. 
239 
50 
ý Vvv vVVVvVvVaVýVUD. ýrrpý vvvvvvvppÜää vvDQaGaVaVppaVýýV`ýo 
B 
UU U Výý Vv ýp UVa ýýýýýýuPýpVpVPP 
WVý1ýVWýDýý'ý 
25 
oaýw D 
50 
A 
'r \_ 
w, 
11 
Figure 3.12. Ergasilus guyannanesis n. sp., adult female. A, antenna; B, area anterior to 
swimming legs and interpodal plate of first swimming leg; C, second swimming leg, 
anterior; D, leg 5. Scale bars in micrometres. 
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Figure 3.13. Ergasiius paralizae n. sp., adult female. A, dorsal view; B, rostrum; C, site 
of attachment on the gill rakers; D, anal somite and caudal rami, anterior. Scale bars in 
micrometres. 
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Figure 3.14. Ergasilus paralizae n. sp., adult female. A, antenna; B, labrum, mandible 
and maxillule; C, maxilla and maxillule; D, interpodal plate of first swimming leg. Scale 
bars in micrometres. 
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Figure 3.15. Ergasilusparalizae n. sp., adult female. A, second swimming leg, anterior; 
B, leg 5, dorsal view; C, lateral view. Scale bars in micrometres. 
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Figure 3.16. Ergasilus congoensis n. sp., adult female. A, dorsal view; B, inverted T- 
shaped marking on cephalothorax; C, rostrum; D, anal somite and caudal rami, anterior. 
Scale bars in micrometres. 
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Figure 3.17. Ergasilus congoerisis n. sp., adult female. A, antenna; B, mandible, C, 
maxillule; D, maxilla. Scale bars in micrometres. 
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Figure 3.18. Ergasilus congoensis n. sp., adult female. A, area anterior to first swimming 
leg and interpodal plate of the first swimming leg; B, second swimming leg, anterior; C, 
leg 5. Scale bars in micrometres. 
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CHAPTER 4 
THE ANTENNA: FUNCTIONAL MORPHOLOGY 
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4.1. INTRODUCTION 
After copulation, ergasilid females adopt a sedentary ectoparasitic mode of life. 
They search for appropriate fish hosts and settle on their gills and fins, or in their nasal 
cavities. The antenna is modified to function primarily as an attachment organ, forming 
powerful claws that are used for grasping the host. The aim of this chapter is to describe 
the basic structure of the antenna in copepods and in poecilostomatoids in general, to 
assess the homology of the antennal segments in Ergasilidae; to describe the morphology 
of the antenna in each of the 26 genera currently recognised in the family, and to relate 
the different attachment mechanisms to antennal structure within the family. 
4.2. MATERIALS AND METHODS 
The antenna of a single species representing each of twenty one genera of Ergasilidae was 
mounted in lactophenol for examination. All drawings were made with the aid of a 
camera lucida using Nomarski differential interference contrast, and all measurements 
made with an ocular micrometer. Most of the examined material was deposited in the 
N HM,, London; some Brazilian material was borrowed from INPA (National Institute for 
Amazonian Research), Brazil. Some genera were unavailable for examination, the figures 
given of the antenna of these species were redrawn from their original descriptions or 
other literature sources, these are: 
Figure 4.1OB of Pseudoergasilus Yamaguti (from Yamaguti, 1939). 
Figure 4.11 A-C of Prehendorastrus Boeger & Thatcher (from Boeger & Thatcher, 
1990). 
Figure 4.12A of Rhinergasilus Boeger & Thatcher (from Boeger & Thatcher, 1988). 
Figure 4.12B of Sinergasilus Yin, 1949 (from Kuang & Qian 1991). 
Figure 4.14C of Pseudovaigamus Thatcher & Robertson (from Thatcher & Robertson, 
1984). 
4.3. THE ANTENNA IN COPEPODS 
The copepod antenna is basically biramous, consisting of a 2-segmented 
protopod, a 10-segmented exopod and an indistinctly 4-segmented endopod (Figure 
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4.1 A). The proximal protopodal segment, the coxa, bears a single medial seta. The distal 
protopodal segment, the basis, bears two medial setae. Each original exopodal segment 
from the (I) to the ninth (IX) carries an inner seta; the tenth (X) has three apical setae. 
This corresponds to a setal formula: 1,1,1,1,1,1,1,1,1,3 given in sequence from 
proximal to distal. The first endopodal segment has two setae, the second has nine setae, 
and the third and fourth five and two respectively (Figure 1 A, Huys & Boxshall, 1991), 
although the latter two segments are rarely separated. 
4.4. THE ANTENNA IN POECILOSTOMATOIDS 
The antenna of Poecilostomatoids is characterised by the complete absence of the 
exopod in the adult stage (Figure 4.1B). Ontogenetic studies of Ergasilus indicates that a 
5-segmented exopod was expressed in the antenna of the six naupliar stages. The exopod 
becomes vestigial in the first copepodid stage, and completely absent from the second 
copepodid onwards to the adult. The coxa and basis are fused to form a coxobasis in the 
first copepodid stage (Figure 4.2A-D, Alston et al., 1996). The basic structure of a 
relatively generalized poecilostomatoid antenna such as that of Hemicyclops 
acanthophorus Humes, consists of a coxobasis with one seta, and a 3-segmented 
endopod with an armature formula of 1,4,7 (Figure 4.1B, from Humes (1995)). 
4.5. HOMOLOGY OF ANTENNAL SEGMENTS 
Comparison of the antennal segments of adult Ergasilus with the antennal 
segments of Hemicyclops acanthophorus (Figure 4.2D, E) reveals that the ergasilid 
antenna is 4-segmented, comprising coxobasis and 3-segmented endopod. The third 
endopodal segment (= 4th segment) is expressed in most of the genera of Ergasilidae and 
sometimes bears a minute seta anteriorly. Often this segment is greatly reduced or even 
fused with the second endopodal segment, as in Brasergasilus. As confirmed by the 
ontogenetic studies of Alston et al. (1996), the single claw of Ergasilus is a modified 
armature element rather than a segment (see El-Rashidy & Boxshall, 1999 for 
discussion). Hemicyclops is used a basis for comparison (see Chapter 
5.2.4) 
In an attempt to understand the homology the antennal claws carried on the third 
endopodal segment, the antenna of one species representing each genus included in the 
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family was examined and illustrated, except for Pseudoergasilus, Prehendorastrus, 
Sinergasilus, Rhinergasilus, and Pseudovaigamus, for which no material was available 
(see Materials and Methods). The antenna of Paraergasilus bears the maximum number 
of three claws. Careful examination of the three claws on the antenna in Paraergasilus, 
showed that the middle claw usually bears a fossa along the concave margin. The other 
two claws lack such a fossa. In all of the genera available for examination, in which the 
antenna is armed with a single claw, a fossa is present, indicating that the claw is 
homologous with the middle claw of Paraergasilus. Two claws are present in 
Diergasilus and Thersitina. The second claw has the fossa indicating that in these two 
genera the claws retained are homologous with the upper and middle claws of 
Paraergasilus, and that the lower claw is absent (Figure 4.5A; 4.9B; 4.14A). In the 
Brazilian genera Gamidactylus, Gamispatulus and Gamispinus the position of the claw 
with the fossa indicates that the middle and the lower claws are present, and that the 
upper claw is absent (Figure 4.6A, B; 4.7A). The two-clawed states in these two groups 
of genera are not homologous. 
4.6. DESCRIPTION OF ANTENNA AND ATTACHMENT MECHANISM 
1-Genus ABERGASILUS Hewitt, 1978 
A. amplexus Hewitt, 1978 
Material: (BMNH. Reg. No. 1987.419). 
Antenna 4-segmented (Figure 4.3A) comprising coxobasis and 3-segmented 
endopod. Coxobasis short with spine at inner distal corner. Second segment (= first 
endopodal segment) nearly 1.4 times longer than coxobasis, armed with peg seta near 
distal end of medial margin; and produced proximally to form stout tapering process, 
slightly shorter than segment. Third (= second endopodal) segment strongly recurved, 
with minute spine distally on concave margin. Third endopodal segment very small, 
represented by incomplete hoop of cuticle bearing minute seta anteriorly (arrowed in 
inset detail of Figure 4.3A). Terminal claw small, nearly 40% of length of third segment, 
strongly recurved and reaching proximal end of process on second segment. 
Attachment site: Gill filament (Hewitt, 1978). 
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Attachment mechanism 
The chelate structure of the antenna suggests that the recurved second endopodal 
segment and the claw effectively oppose the long acute process on the proximal end of 
the first endopodal segment. When the claw is adducted it encircles the gill filament. 
2-Genus AMPLEXIBRANCHIUS Thatcher & Paredes, 1985 
A. bryconis Thatcher & Paredes, 1985 
Material: National Institute For Amazonian Reseach, (Paratype slides INPA-CR. 198d, 
INPA-CR. 198e). 
Antenna 4-segmented (Figure 4.3B, C), comprising short coxobasis and 3- 
segmented endopod. Second (= first endopodal) segment elongate, about six times 
longer than coxobasis; narrowing proximally and distally; Second endopodal segment 
modified to receive claw of opposite antenna; third endopodal segment small; second 
plus third endopodal segments together comprising about 16% of length of first 
endopodal segment. Curved claw with small pit (fossa) distally on concave margin. All 
endopodal segments ensheathed with membranous layer, particularly inflated around 
middle segment. 
Site of attchment: Gill filaments (Thatcher & Paredes, 1985). 
Attachment Mechanism 
Amblexibranchius has an elongate antenna which completely encircles the gill 
filament and latches in place. The latching mechanism consists of a groove on the third 
segment of each antenna into which the claw of the opposite antenna fits when they are 
closed. (Thatcher, 1998). 
3-Genus ACUSICOLA Cressey & Collette, 1970 
Acusicola spinuloderma El-Rashidy & Boxshall, 1999 
Material: (Paratypes, BMNH. Reg. No. 1997.332-341). 
Antenna 4-segmented (Figure 4.4A) comprising coxobasis and 3-segmented 
endopod. Coxobasis short with sensory peg at inner distal corner; with internal chitinous 
rib re-enforcements as illustrated. Proximal endopodal segment largest, about 5.5 times 
average width; medial margin spinules minute and widely spaced in proximal third, larger 
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and conical along remainder of margin, but gradually decreasing in size both proximally 
and distally; median cone-shaped peg representing modified seta located two thirds of 
distance along margin (arrowed). Second endopodal segment modified to receive claw of 
opposite antenna; segment about two-thirds length of first endopodal segment. Third 
endopodal segment small, 8% length of preceding segment. Curved claw with small pit 
(fossa) distally on concave margin. All endopodal segments more or less enclosed by 
chitinous membrane, particularly inflated around middle segment. 
Attachment site: Gill filament, distal end. 
Attachment mechanism 
All Acusicola species are attached to their hosts by embracing the gill filaments 
with their latching antennae, without penetrating the tissue. The second endopodal 
segment is modified to accommodate the interlocking mechanism. Acusicola species 
either have simple latching mechanism where the claw is resting on the modified part of 
the segment of the opposite antenna (Figure 4.15C); or the claw fits into a socket on the 
modified second endopodal segment (see chapter 2, Figure 2.13 C, D). 
4- Genus BRASERGASILUS Thatcher & Boeger, 1983 
B. jaraquensis Thatcher & Boeger, 1983 
Material: National Institute For Amazonian Research, (Paratype slides INPA-CR 044 e, 
INPA-CR 044f). 
Antenna 4-segmented (Figure 4.4B) comprising short coxobasis and 3-segmented 
endopod. Coxobasis short with spine at inner distal corner. Second segment (= first 
endopodal segment) broad, nearly 1.4 longer than coxobasis, armed with peg seta near 
distal end of inner margin. Third (= second endopodal) segment short, contributing 25% 
of preceding segment, surface ornamented with pits. Boundaries of third endopodal 
segment not expressed, it might be fused with second endopodal segment. Terminal claw 
with swollen tip, strongly recurved, longer than antennal segments combined, and 
extending beyond the distal end of coxobasis. No fossa could be detected on claw. 
Attachment site: Gill filament (Thatcher & Boeger, 1983a). 
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Attachment mechanism 
Brasergasilus exhibits an unusually long claw. The elongate and recurved claws 
appear to be used by being inserted into the gill filament, penetrating the tissues, 
according to Thatcher (1998). 
5-Genus DERMOERGASILUS Ho & Do, 1982 
D. semiamplectens n. sp. 
Material: (Paratypes, BMNH. Reg. No. 1999.1341-1378) 
Antenna 4-segmented comprising coxobasis, three endopodal segments and 
curved claw (Figure 4.4C). Base of antenna elevated on pedestal. Second segment (= 
first endopodal segment) nearly 2.2 times longer than coxobasis (excluding pedestal 
elevating coxobasis), second and third endopodal segments together equal to 60 % 
length of first endopodal segment. Curved claw about two-thirds length of second plus 
third endopodal segments combined; antennal segments enclosed by loose, hyaline, 
cuticular membrane. 
Attachment site: Gill filament 
Attachment mechanism 
All Dermoergasilus species are attached to the gills by encircling the distal part 
of the gill filament with their interlocking antennae. The antennal segments are not 
modified to accommodate the interlocking mechanism, but each claw fits tightly into a 
socket on the cuticular membrane ensheathing the distal part of the first endopodal 
segment of the opposite antenna. 
6- Genus DIERGASILUS Do, 1981 
D. kasaharai Do, 1981 
Material: (BMNH. Reg. No. 1999.1330-1339) 
Antenna 4-segmented with two curved terminal claws (Figure 4.5A). Coxobasis 
long, with inner distal seta. Second (= first endopodal) segment length about 3 times 
average width; armed with minute spine at two-thirds distance along medial margin. 
Third (= second endopodal) segment about 1.5 times longer than wide, second plus third 
segments, together constituting nearly half length of first endopodal segment. Third 
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endopodal segment bearing 4 setal elements: two terminal claws, blunt element on inner 
margin and small outer spinule at base of shorter claw. Upper claw (U) is slightly shorter 
than median claw (M) which bears fossa (arrowed in Figure 4.5A). 
Attachment site: Branchial cavities and gills (Do, 1981; and present work). 
Attachment mechanism 
Diergasilus is attached to the walls of the branchial cavity, by inserting the two 
claws on each antenna into the tissues. 
7- Genus ERGASILUS Nordmann, 1832 
E. sittangenesis n. sp. 
Material: (Holotype, BMNH. Reg. No. 1999.1426). 
Antenna 4-segmented (Figure 4.5B) with short coxobasis bearing inner distal 
seta. Second segment (= first endopodal segment) more than twice as long as coxobasis, 
armed with peg seta near midpoint of inner margin. Third (= second endopodal) segment 
curved, with minute spine proximally and another distally on concave margin. Third 
endopodal segment small, bearing minute seta anteriorly (Figure 4.5B inset, arrowed). 
Second plus third endopodal segments together, comprising nearly 75% of second 
segment length. Terminal claw strongly recurved, nearly three-quarters length of third 
segment, minute seta present posteriorly at base of claw. 
Attachment site: Ergasilus species usually grasp the gill filaments of their hosts; some 
species attach to the base of the gill rakers. 
Attachment mechanism 
Ergasilus attaches to the gills by inserting its claws into the tissue of the gill 
filament, or the gill rakers. Species tend to attach at different distances along the length 
of the filament so that the dimensions of the filament and the length of the antennae are 
correlated. 
8- Genus GAMIDACTYLUS Thatcher & Boeger, 1984 
G. jaraquensis Thatcher & Boeger, 1984 
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Material: (Paratype slide, BMNH. Reg. No. 1984.334). 
Antenna 4-segmented with two curved terminal claws (Figure 4.6A). Coxobasis 
short. Second segment (= first endopodal) segment; armed with long spine near distal 
end of medial margin. Second plus very small third endopodal segments together 
constituting nearly half length of first endopodal segment. Third endopodal segment 
bearing two terminal claws, median claw (M) slightly larger than inner (I). Median claw 
with fossa (arrowed in Figure 4.6A). 
Attachment Site: Nasal fossae of Amazonian fish (Thatcher & Boeger, 1984a). 
Attachment mechanism 
The biology of ergasilids inhabiting the nasal fossae of their hosts is poorly 
known. Their method of attachement to the host has not been described, however, the 
presence of two claws suggests that they are used for the attachment to the nasal 
lamellae or walls of the nasal cavities. Thatcher commented that the antennae and claws 
might serve for feeding (Thatcher, 1998) but this seems unlikely. 
9- Genus GAMISPATULUS Thatcher & Boeger, 1984 
G. schizodontis Thatcher & Boeger, 1984 
Material: National Institute For Amazonian Research, (Paratype slides INPA-CR 067a, 
slides INPA-CR 067c) 
Antenna 4-segmented with two curved terminal claws (Figure 4.6B). Coxobasis 
short, widest proximally, with inner distal seta. Second segment (= first endopodal 
segment); armed with long spine near distal end of medial margin, (spinules illustrated in 
Figure 3 of Thatcher & Boeger (1984c) could not be observed in the available paratype 
slides). Second plus third endopodal segments together constituting two-thirds length of 
first endopodal segment. Third endopodal segment small, bearing two terminal claws, 
smaller than those of previous species. Median claw (M-indicated by possession of fossa) 
about three-quarters length of second endopodal segment and slightly larger than second 
claw (Iinner). 
Attachment Site. Nasal fossae of Amazonian fish (Thatcher & Boeger, 1984c). 
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Attachment mechanism: As in Gamidactylus. 
10- Genus GAMISPINUS Thatcher & Boeger, 1984 
G. diabolicus Thatcher & Boeger, 1984 
Material: (Paratype slide, BMNH. Reg. No. 1984.323). 
Antenna 4-segmented with two curved terminal claws (Figure 4.7A, B). 
Coxobasis short, with inner distal seta. Second segment (= first endopodal) segment; 
armed with long spine near distal end of medial margin, spinules ornamenting medial 
area. Second plus third endopodal segment together constituting less than half length of 
first endopodal segment; two long spines located on concave margin, one located mid 
segment, other located distally. Third endopodal segment bearing two curved terminal 
claws. Median claw (M-indicated by possession of fossa) nearly as long as second 
endopodal segment; inner claw (I) smaller and slightly shorter than median. 
Attachment Site: Nasal fossae of Amazonian fish (Thatcher & Boeger, 1984b) 
Attachment mechanism: As in Gamidactylus. 
11-. Genus MUGILICOLA Tripathi, 1960 
M. bombayensis n. sp. 
Material: (Holotype, BMNH. Reg. No. 1999.1532) 
Antenna 4-segmented with almost straight terminal claw (Figure 4.7C). 
Coxobasis short, robust, unarmed. Second segment (= first endopodal) about 2.5 times 
longer than average width; armed with sclerotized spine medially. Second endopodal 
segment short, constituting nearly one third length of second segment; third endopodal 
segment extremely reduced. Claw robust and nearly twice as long as second endopodal 
segment. Fossa located near tip of claw. 
Attachment site: Gill arch. 
Attachment mechanism 
The antennae of Mugilicola, Paenodes and Therodamas are relatively reduced in 
size, since they are not the primary attachment organs in adult females. These highly 
258 
modified forms are mesoparasites. They live with the head embedded into the gill arch 
tissues so that only the trunk can be observed externally (Figure 4.15 D). 
12-Genus NEOERGASILUS Yin, 1956 
N. japonicus (Harada, 1930) 
Material: (BMNH. Reg. No. 1990.1279-1288). 
Antenna 4-segmented (Figure 4.8A) comprising long coxobasis and 3-segmented 
endopod. Coxobasis with long spine at inner distal corner, about half length of 
coxobasis. Second (= first endopodal) segment nearly 1.2 times longer than coxobasis, 
armed with peg seta on inner margin. Third (= second endopodal) segment strongly 
recurved, reaching level of peg seta on second segment, with minute spine distally on 
concave margin. Third endopodal segment small, bearing minute seta anteriorly. Second 
plus third endopodal segments together nearly 1.5 times longer than first. Terminal claw 
long, slightly recurved, nearly as long as second segment. Minute posterior spine present 
at base of claw. 
Attachment sites: Fins, scaleless area at base of fins, opercular flap, operculum and gills 
(Mugridge et al., 1982). Alston (1994) reported that all regions of the fins of the host 
were utilized by Neoergasilusjaponicus, but the parasites were most frequently found in 
the basal areas. He found that the dorsal fin was the preferred attachment site in bream, 
roach and rudd, followed by the pectoral and anal fins in bream. Parasites occasionally 
occurred on the pelvic fins, caudal fin, opercula and gill filaments. 
Attachment mechanism 
Neoergasilus attaches mainly to the fins of their hosts. The long antennal claw is 
inserted into the epidermis and pierces the host tissue, causing deep wounds 
(Abdelhalim, 1990). 
13-Genus NIPERGASILUS (Yamaguti, 1939) 
N. bora (Yamaguti, 1939) 
Material: (BMNH. Reg. No. 1999.1508-1518) 
Antenna 4-segmented (Figure 4.8B) with short coxobasis bearing minute spine at 
inner distal corner. Second (= first endopodal) segment nearly 1.5 times longer than 
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coxobasis, armed with peg seta at two-thirds distance along inner margin. Third (= 
second endopodal) segment, with small spine proximally and another distally on concave 
margin. Third endopodal segment small, bearing minute seta anteriorly. Second plus third 
endopodal segments together, comprising nearly 90% length of second segment. 
Terminal claw recurved, comprising nearly 70% length of third segment. Fossa located 
near tip. 
Attachment site: Proximal end of gill filaments. 
Attachment mechanism 
Nipergasilus is attached to the gills by inserting its claws into the tissues of the 
gill filament. 
14-Genus PAEONODES Wilson, 1944 
P. subviridis n. sp. 
Material: (Holotype, BMNH. Reg. No. 1999.1529) 
Antenna 4-segmented with slightly curved terminal claw (Figure 4.9A). 
Coxobasis short, robust with minute inner seta. First endopodal segment robust, wider 
proximally, armed with blunt sclerotized spine medially. Second endopodal segment 
short, constituting less than one third length of first segment; third endopodal segment 
reduced to minute sclerite. Claw robust, nearly three times longer than second endopodal 
segment. Fossa weakly developed. 
Attachment site: As in Mugilicola. 
Attachment mechanism: As in Mugilicola. 
15- Genus PARAERGASILUS Markevich, 1937 
P. longidigitus Yin, 1954 
Material: (BMNH. Reg. No. 1999.1629-1632) 
Antenna 4-segmented with three curved terminal claws (Figure 4.9B). Coxobasis 
long, widest proximally, with long inner distal seta. Second (= first endopodal) segment 
length less than four times longer than average width; armed with spine at two-thirds 
260 
distance along medial margin. Third (= second endopodal) segment short, bearing small 
spine distally on concave margin. Third endopodal segment small. Second and third 
endopodal segments together constituting nearly half length of first endopodal segment. 
Third endopodal segment bearing five setal elements, including three terminal claws and 
two small spinules, one each at bases of medial and inner claws (inset detail, Figure 
4.9B, arrowed). Fossa present proximally on medial claw (M). Claws on third endopodal 
segment unbranched in all previously known species. In two new species, P. dichotomrus 
and P. curtus, inner claw branched (see Chapter 2, Figure 2.58B, Figure 2.60B). 
Attachment site: Paraergasilus attach at many different sites on their hosts: the gill 
rakers, as in P. inflatus and P. dichotomus n. sp. (Ho et al., 1996; present work); gill 
filaments, as in P. dentatus (Ho et al., 1992); opercular cavity, as in P. remulus and P. 
acanthopagri (Cressey & Collette, 1970; Roubal, 1981) and nasal cavities as in P. 
longidigitus (Do, 1982). Paraergasilus rylovi was found in the plankton sample from a 
fish pond (Chernysheva & Purasjoki, 1991; Reddy & Kasaiah, 1994 (as P. reductus)). 
Attachment mechanism 
Paraergasilus grasp the host by inserting the three antennal claws into the tissues 
at the attachment site. 
16- Genus PINDAPIXARA Malta, 1994 
P. tarira Malta, 1994 
Material: National Institute For Amazonian Research, (Paratype slides INPA-CR 609a, 
INPA-CR 700a). 
Antenna 4-segmented (Figure 4.10A) comprising coxobasis and 3-segmented 
endopod. Coxobasis short with inner distal spine. Second segment (= first endopodal) 
nearly 1.3 times longer than coxobasis, lacking peg seta on inner margin. Third (= second 
endopodal) segment small, unarmed. Third endopodal segment small, unarmed. Second 
plus third endopodal segments together nearly half length of second segment. Terminal 
recurved claw long, nearly as long as three endopodal segments combined. Fossa not 
apparent. 
Attachment site: Gill filament (Malta, 1994) 
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Attachment mechanism 
The long curved claw is intermediate between that of Ergasilus and 
Brasergasilus. It is inserted into the gill filament tissue and penetrates it. This attachment 
mechanism is similar to that of Brasergasilus (Malta, 1994). 
17- Genus PSEUDOERGASILUS Yamaguti, 1963 
P. parasiluri Yamaguti, 1963 
Material: specimens of Pseudoergasilus were not available for examination, the 
description of the antenna (Figure 4.1 OB) is based on Figure 14 Pl. I given in the original 
description by Yamaguti (1963). 
Antenna comprising short coxobasis and 3-segmented endopod. Second (= first 
endopodal) segment nearly twice as long as coxobasis. Third (= second endopodal) 
segment curved, nearly as long as second. Boundaries of third endopodal segment not 
figured. Claw small, about one-third length of second endopodal segment (Figure 
4.1OB). Fossa and minute spines not figured. 
Attachment site: The gills (Yamaguti, 1963) 
Attachment mechanism: 
The resemblance of the antenna of Pseudoergasilus to that of Ergasilus, suggests 
that the antennae grasp the host by inserting the claws into the gills. 
18- Genus PREHENDORASTRUS Boeger & Thatcher, 1990 
P. bidentatus Boerger & Thatcher, 1990 
Material: None available. Following account is based on original description (Boeger & 
Thatcher, 1990: P. 136, Figure 9). 
Antenna small, stout, 4-segmented (Figure 4.11A), comprising coxobasis and 3- 
segmented endopod. Coxobasis short, slightly inflated posteriorly. Second segment (= 
first endopodal) short, slightly longer than coxobasis, broadest proximally, produced into 
prominent proximal processes on inner margin. Third (= second endopodal) segment 
short, nearly 70% length of second segment, with sclerotized concave margin shaped 
into tooth-like structures proximally and distally. Third endopodal segment reduced. 
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Terminal curved claw small, nearly half length of second endopodal segment, with 
sclerotized tooth-like structure proximally. Fossa located near tip of claw. 
Attachment site: Gill rakers (Boeger & Thatcher, 1990). 
Attachment mechanism 
The antennae of Prehendorastrus are modified to allow each prehensile antenna 
to grasp one gill raker individually. According to Thatcher (1998) the antenna latches 
around the raker and latching is accomplished by forcing the claw under the proximal 
tooth-like projection of the second segment of each antenna. The parasite secures itself 
on the long gill raker by using the sclerotized, toothed margins of the second and third 
segments, and of the claw (Figure 4.11B, C, from Boeger & Thatcher, 1990). 
19-Genus RHINERGASILUS Boeger & Thatcher, 1988 
R. piranhus Boeger & Thatcher, 1988 
Material: None available. Following account is based on Figure 3, P. 88 in the original 
description (Boeger & Thatcher, 1988). 
Antenna 4-segmented (Figure 4.12A) comprising coxobasis and 3-segmented 
endopod. Coxobasis short, with spine on inner distal corner. Second segment (= first 
endopodal) nearly 1.7 times longer than coxobasis, peg seta on inner margin apparently 
absent. Third (= second endopodal) segment short and apparently unarmed according to 
Boeger & Thatcher (1988). Second plus small third endopodal segment together nearly 
contributing half length of second segment. Curved terminal claw, more than twice 
length of second endopodal segment. 
Attachment site: Nasal cavities of Amazonian fish (Boeger & Thatcher, 1988). 
Attachment mechanism: As for other parasites utilizing the nasal cavities, see 
(Gamidactylus). 
20- Genus SINERGASILUS Yin, 1949 
S. major Markevitch, 1940 
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Material: None available. Description of antenna based on figure 61 in Kuang & Qian 
(1991). 
Antenna comprising short coxobasis and 3-segmented endopod. Second (= first 
endopodal) segment 2.5 times longer than coxobasis. Third (= second endopodal) 
segment curved, less than half length of second segment. Third endopodal segment small. 
Claw about two-thirds length of second endopodal segment (Figure 4.12B). 
Attachment site: Gills (Yin, 1949). 
Attachment mechanism: 
The antenna of Sinergasilus is similar to that of Ergasilus, this resemblance 
suggests that Sinergasilus grasp the gills by inserting the claws into the tissues at the 
attachment site. 
21- Genus TEREDOPHILUS Rancurel, 1954 
T. renicola (as E. inflatus Harding, 1964) 
Material: (Paratypes, Ergasiluxulus inflatus, BMNH. Reg. No. 1962.9.7.6). 
Antenna 4-segmented, small, robust, slightly with curved terminal claw (Figure 
4.13A). Coxobasis short, unarmed, broadest proximally. Second (= first endopodal) 
segment about 1.3 times longer than wide, slightly longer than coxobasis; armed with 
small spine medially. Third (= second endopodal) segment short, constituting nearly 40% 
length of preceding segment. Third endopodal segment small, bearing minute seta 
anteriorly. Claw nearly 1.4 times longer than second plus third endopodal segments 
combined. Fossa in proximal half of claw. 
Attachment site: Pericardium of bivalve mollusc host. 
Attachment mechanism 
The parasites were found lying free in the pericardium and digestive gland of the 
bivalve and were accompanied by large numbers of detached egg-sacs, full of eggs 
(Harding, 1964). The structure of the antenna of Teredophilus is similar to that of 
Therodamas. 
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22-Genus THERODAMAS Kroyer, 1863 
T. fluviatilis Paggi, 1976 
Material: Rio Grande de Sul, Brazil (BMNH. Reg. No. 1999.1519-1528). 
Antenna 4-segmented with curved terminal claw (Figure 4.13B). Coxobasis 
short, massive, with inner distal seta. Second (= first endopodal) segment robust, 
broadest proximally, armed with sclerotized spine medially. Second endopodal segment 
short, constituting less than one-third length of first segment, with pleated folds of 
integument medially. Third endopodal segment very reduced, bearing minute seta 
anteriorly (Figure 4.13C). Claw robust, extending beyond medial spine on second 
segment, and nearly 1.7 times longer than second endopodal segment. Fossa in distal half 
of claw. 
Attachment site: Gill arches. 
Attachment mechanism: Mesoparasitic, as in Mugilicola. 
23-Genus THERSITINA Norman, 1905 
T gasterostei (Pagenstecher, 1861) 
Material: (BMNH. Reg. No. 1975.724-734). 
Antenna 4-segmented, with two curved terminal claws (Figure 4.14A). 
Coxobasis short, with inner distal spine. Second (= first endopodal) segment robust, 
massive, armed with small spine two-thirds distance along medial margin. Third (_ 
second endopodal) segment short and squarish, constituting less than 40% length of 
second segment; minute spine located distally on concave margin. Third endopodal 
segment very small, bearing spatula-shaped seta anteriorly. Median claw (M) robust, 
nearly twice as long as second endopodal segment, and 1.5 times longer than upper claw 
(U); fossa at midlength of median claw. Minute spine located posteriorly at base of claw. 
Attachment site: Thersitina is mainly found attached to the inner walls of the opercula of 
its host. With increasing intensity of infection, parasites were also found on the gills, skin 
and fins of their hosts (Walkey et al., 1970). 
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Attachment mechanism: 
According to Walkey et al. (1970) and Gurney (1913), the parasites were not 
attached directly to the host but were attached to the mucus covering of the gills and skin 
of the fish. However, the small antenna of Thersitina suggests that the attachment 
mechanism is simple, probably involving inserting the two claws into the tissues at the 
attachment site. 
24- Genus VAIGAMUS Thatcher & Robertson, 1984 
V. retrobarbatus Thatcher & Robertson, 1984 
Material: National Institute For Amazonian Research, (Male Paratype INPA-CR 058h, 
INPA-CR 058j). 
Male antenna similar to that of female. Antenna 4-segmented, with curved 
terminal claw (Figure 4.14B). Coxobasis short, with inner distal spine. Second (= first 
endopodal) segment lacking spine medially. Second endopodal segment short, 
constituting less than half length of first segment. Third endopodal segment small but 
clearly defined. Claw nearly 1.4 times longer than second endopodal segment. 
Attachment site: Males and young ovigerous females found in plankton. Host is 
unknown. 
25- Genus PSEUDOVAIGAMUS Amado, Ho & Rocha, 1995 
P. spinicephalus (Thatcher & Robertson, 1984) 
Material: None available. Following account is based on Figure 25 P. 724 in the original 
description (Thatcher & Robertson, 1984). 
Antenna 4-segmented, with curved terminal claw (Figure 4.14C). Coxobasis 
short, with inner distal spine. Second (= first endopodal) segment apparently unarmed. 
Second endopodal segment short, constituting less than half length of first segment. 
Boundaries of third endopodal segment not figured. Claw twice as long as second 
endopodal segment. 
Attachment site: Unknown. Males and young ovigerous females were found in plankton 
samples. Host is also unknown. 
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26- Genus MIRACETYMA Malta, 1993 
M. kawa Malta, 1993 
Material: National Institute For Amazonian Research, (Paratype slides INPA-CR 696C, 
INPA-CR 697). 
Antenna 4-segmented (Figure 4.15A) comprising short coxobasis and 3- 
segmented endopod. Second (= first endopodal) segment elongate, about three times 
longer than coxobasis. Third (= second endopodal) segment modified to receive claw of 
opposite antenna. Third endopodal segment small; second plus third endopodal segments 
together comprising about 40 % length of first endopodal segment. Curved claw with 
small fossa distally on concave margin. All endopodal segments more or less sheathed 
with loose membranous cuticle. 
Attachment Site: Gill filaments (Malta, 1993). 
Attachment Mechanism 
The elongate antennae of Miracetyma completely encircle the gill filament and 
latch in place. The claw of one antenna fits into a socket on the second endopodal 
segment of the other antenna, and latches. This mechanism resembles that of 
Ampexibranchius and Acusicola species, since these three genera belong to the same 
lineage, this latching mechanism was presumably exhibited by their common ancestor 
(see Chapter 5). 
4.7. DISCUSSION 
A- Morphology 
Ergasilids are characterised by their prehensile antennae which are modified as 
powerful organs of attachment, typically used for grasping the gill filaments of their fish 
hosts (Kabata, 1988). Previous interpretations of antennal segmentation considered the 
antenna as 4-segmented but the terminal claw was usually regarded as the fourth 
segment. The present results confirm that the antenna is 4-segmented (comprising 
coxobasis and 3-segmented endopod) and that the curved terminal claw is an armature 
element. This interpretation is in accord with the postulated 4-segmented antenna of the 
ancestral poecilostomatoid (Huys & Boxshall, 1991). All previous authors considered the 
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terminal claw to be a segment except for Kabata (1979) and Amado & Rocha (1996), 
and none of them has identified the small third endopodal segment lying between the 
second endopodal segment and the claw. Study of the development of E. briani 
Markevitsch, 1933 (cf. Alston et al., 1996) revealed that the claw on the distal segment 
of all copepodid stages (CI to adult) is an armature element derived from the third 
endopodal segment. 
Previous interpretations of antennal segmentation in Acusicola have differed. 
Roberts (1965) in his description of A. tenax, referred to a 4-segmented antenna, with a 
groove between second and third segments, into which the terminal claw of the opposite 
antenna fitted. Roberts (1970) suggested that the groove was a constriction formed by a 
small, triangular sclerite on the surface of the third segment surface and a V-shaped 
sclerite (derived from the second segment). Johnson & Rogers (1972) inferred that 
opposing antennae are adapted for interlocking by means of the third and fourth antennal 
segments. Roberts interpreted the groove as lying between the distal part of the second 
and the third antennal segments. He also considered the claw as a fourth segment. The 
antennae of A. lycengraulidis and A. pellonidis as described by Thatcher & Boeger 
(1983b; 1983c), and of A. tucunarense, (Thatcher, 1984) were referred to as 4- 
segmented, in which segment 3 was grooved to receive segment 4 (the claw) of the 
opposite antenna. Amado & Rocha (1996) described four new species, A. brasiliensis, 
A. paracunula, A. spinulosa and A. rotunda, and referred to a 3-segmented antenna plus 
terminal claw, interpreting segment 3 as the second endopodal segment and the claw as 
an armature element. Cressey & Collette (1970) described the antenna of Acusicola as 5- 
segmented, with the second antennal segment being followed by two segments (the 
proximal part of the modified second endopodal segment being misinterpreted as the 
third segment and the distal part of the same segment, as the fourth segment). The 
terminal claw was interpreted as the fifth segment. The present study indicates that the 
antenna of Acusicola is 4-segmented (coxobasis, first endopodal segment, modified 
second endopodal segment and a very small third endopodal segment) and that the 
curved terminal claw is an armature element. The socket or groove on the modified 
second endopodal segment functions as a cavity receiving the claw of the opposing 
antenna. 
The third endopodal segment is well defined in most of the genera, but greatly 
reduced in some, particularly those in which the antenna is small and compact, such as 
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Abergasilus, Prehendorastrus, Mugilicola, Paeonodes and Therodamas. In a few 
genera, such as Brasergasilus, the boundaries of the third endopodal segment are not 
expressed. 
B- Function 
The antennae function as attachment organs. The structure of the antenna varies 
according to the attachment mechanism. There are seven main attachment strategies: 
I- Grasping the gills. 
Inserting the claws into the host tissues at the attachment site. 
This mechanism is found in most Ergasilidae that possess unmodified antennal segments 
and a moderately curved claw. Most Ergasilus species, recorded during the present 
study on grey mullet grasped either onto the gill filaments or the gill rakers, by inserting 
their claws into host's epidermis of the attachment site. Abdelhalim (1990) reported that 
both E. sieboldi and N. japonicus pierce the host tissues during attachment. Nipergasilus 
bora grasped the proximal end of the gill filaments of its host. Ben Hassine (1983) and 
Ho & Do (1982) found Nipergasilus attached to the gill filaments of their hosts. 
Members of other genera bearing two or three claws also utilize the gills, as in 
Ergasilus, but attach to different sites. Diergasilus kasaharai exhibits unmodified 
antennal segments, but is armed with two terminal claws. It was attached to the branchial 
cavity of M. cephalus with the antennal claws inserted into the tissue lining the posterior 
part of operculum and the branchial cavity. This agrees with the observations of Do 
(1981). Paraergasilus dichotomus n. sp. grasped the gill rakers of M cephalus, inserting 
the three terminal claws on each antenna into the base of the gill raker. Ho et al., (1996) 
reported P. inflatus also on the gill rakers of its host. Other Paraergasilus utilize 
different sites on their hosts, Ho et al. (1992) found P. dentatus grasping the gill 
filaments of its host; P. remulus and P. acanthopagri were both found in the opercular 
cavities of needle fishes and bream, respectively (Cressey & Collette, 1970; Roubal, 
1981). 
Thatcher (1998) commented that the long curved claws on the antennae of 
Brasergasilus appeared to be "designed" for penetration of the gill filament. Malta 
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(1994) regarded the long claws of Pindapixara as intermediate between Ergasilus and 
Brasergasilus and also "designed" for the same function. 
II- Interlocking mechanisms 
Embracing the gill filament and latching the antennae together around it, without 
penetrating the tissues is achieved by two slightly different mechanisms. 
Modification of the second endopodal segment of the antenna, in some species of 
Ergasilus provides a simple latching system, so that the claw of one antenna simply rests 
on the modified part of the second endopodal segment of the opposite antenna and 
latches. This simple mechanism is found in a group of African species including E. 
megacheir, E. cunningtoni and E. mirabilis. The claw has a thinner part proximally and a 
distal expansion which provides the latching system. A more complex latching 
mechanism, with the claw fitting into a groove on the modified second endopodal 
segment of the opposite antenna, and with a chitinous membrane ensheathing the 
antenna, is found in Amplexibranchius, Acusicola and Miracetyma (Figures 4.3B; 4.4A, 
4.15A; 4.15B). 
Some ergasilids encircle the gill filaments with interlocking antennae, which lack 
any particular modification of the antenna! segments. The claw is inserted into the 
membrane ensheathing the distal part of the first endopodal antenna! segment of the 
opposing antenna and fits into a socket, instead of fitting into the second endopodal 
segment itself (Figure 4.4C). This mechanism is found mainly in Dermoergasilus and in 
two species of Ergasilus: E. acusicestraeus and E. extensus n. sp. (see chapter 2, Figure 
2. X D, B). 
III- Hand over hand mechanism 
The antenna is modified for grasping the gill rakers by possessing a short first 
endopodal antennal segment with one or two proximal long processes which oppose the 
claw forming a chela-like mechanism. The antennae are used individually, one above the 
other to grasp the gill raker (Figure 4.11 B, Q. This attachment mechanism is found only 
in Prehendorastrus, and is completely different from that of other ergasilids, as reported 
by Thatcher (1998). 
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IV- Fishhook mechanism 
The antennae of some ergasilids are shaped like fishhooks and according to 
Thatcher (1998) these species attach to the fish by inserting the barbed ends of the 
antennae under a scale (Figure 4.15C). 
V- Burrowing mechanism 
The highly modified adult females of copepods with relatively large trunk and long 
neck, such as Mugilicola, Paeonodes and Therodamas, do not use their small but robust 
antennae for the attachment to their hosts, as in the rest of the Ergasilidae. Instead they 
are mesoparasitic, and ensure the efficiency of attachment, by inserting the head into the 
tissues of the gill arch, so that the head and the long neck are deeply embedded (Figure 
4.15D). 
VI- Living within the nasal cavities 
The antennae of parasites that utilize the nasal cavities are relatively small, and 
typically armed with two claws. They might be used to hold on to the nasal lamellae, 
either temporarily or permanently. 
Plankton 
Vaigamus and Pseudovaigamus copepods have not been found on any host. They 
occurred in the plankton. The antennae of these copepods are similar to those of 
Ergasilus, but the hosts and the attachment methods are unknown. 
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Figure 4.1. A, Basic copepod antenna; B, antenna of Hemicyclops acanthophorus. Scale 
bars in micrometres. 
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Figure 4.2. Ergasilus briani. A, antenna of sixth nauplius female; B, antenna of first 
copepodid stage; C, antenna of second copepodid stage; D, antenna of adult female 
(Alston et al., 1996); E, antenna of Hemicyclops acanthophorus (Figure 4.1 B, Humes. 
1995). Coxobasis, © First endopodal segment, second endopodal segment, 
' 
third endopodal segment. Scale bars in micrometres 
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Figure 4.3. A, antenna of Abergasilus amplexus; B, antenna of Amplexibranchius 
bryconis; C, distal part of the antenna of A. bryconis. Scale bars in micrometres 
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Figure 4.4. A, antenna of Acusicola spinuloderma; B, antenna of Brasergasilus 
jaraquensis; C, antenna of Dermoergasilus semiamplectens. Scale bars in micrometres 
i 
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Figure 4.5. A, antenna of Diergasilus kasaharai (U = Upper claw, M= Middle claw); B, 
antenna of Ergasilus sittafrgenesis. Scale bars in micrometres 
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Figure 4.6. A, antenna of Gamidactylus jaraquensis; B, antenna of Gamispatulus 
schizodontis. (M = Middle claw, I= Inner claw). Scale bars in micrometres 
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Figure 4.7. A, antenna of Gamispinus diabolicus; B, distal part of the antenna of G. 
diabolicus; C, antenna of Mugilicola bombayensis n. sp. Scale bars in micrometres 
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Figure 4.8. A, antenna of Neoergasilus japonicus; B, antenna of Nipergasilus bora. 
Scale bars in micrometres 
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Figure 4.9. A, antenna of Paeonodes subviridis n. sp.; B, antenna of Paraergasilus 
longidigitus. Scale bars in micrometres 
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Figure 4.10. A, antenna of Pindapixara tarira; B, antenna of Pseudoergasillus parasiluri. 
Scale bars in micrometres 
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Figure 4.11. A, antenna of Prehendorastrus bidentatus; B, attachment mechanism of 
Prehendorastrus bidentatus, dorsal, C. lateral (After Boeger & Thatcher, 1990). Scale 
bars in micrometres 
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Figure 4.12. A, antenna of Rhinergasilus pirafihus (After Boeger & Thatcher, 1988); B, 
antenna of Sirtergasihis major (After Kuang & Qian, 1991). Scale bars in micrometres. 
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Figure 4.13. A, antenna of Teredophilus renicola; B; 
C, distal part of the antenna of T fluviatilis (anterior). 
antenna of Therodamas fluviatilis; 
Scale bars in micrometres. 
284 
r, % 
Figure 4.14. A, antenna of Thersitina gasterostei; B, antenna of Vaigamus 
retrobarbatus; C, antenna of Pseudovaigamus spifiicephalus. Scale bars in micrometres. 
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Figure 4.15. A, antenna of Miracetyma kawa; B, interlocking mechanism in Acusicola; 
C, fishhook mechanism (After Thatcher, 1998); D, burrowing mechanism in Therodamas 
(After Amado & Rocha, 1996). Scale bars in micrometres. 
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CHAPTER 5 
THE PHYLOGENETIC RELATIONSHIPS OF ERGASILIDAE 
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5.1 INTRODUCTION 
Systematics has undergone revolution in theory and methodology since the 
German entomologist Henni g (1950,1966) established the principles of phylogenetic 
systematics (Cracraft, 1983). Henni g stressed the importance of distinguishing between 
ancient and more recent homologous character states by terming the former 
"plesiomorphic" (plesio- near the ancestral morphology) and the latter "apomorphic" 
(apo- away from the ancestral morphology) referring to the derived state. According to 
the principles of phylogenetic systematics only the synapomorphies (shared derived 
characters) can be used to provide evidence of relationships based on common ancestry. 
Symplesiomorphies (shared general homologies) are uninformative as regards the 
provision of evidence of common ancestry relationship within the group under study 
because they originated earlier than any of the taxa in the study group (Henni g, 1966, 
Wiley et al., 1991; Brooks & McLennan, 1991, Kitching et al., 1998). 
Wiley et al. (1991) emphasised that the core concept of phylogenetic systematics 
is the use of derived characters to reconstruct common ancestry relationships and the 
grouping of taxa based on common ancestry. 
There are two comparative methods used to establish the direction or path of 
transformation from the primitive to a more derived character state (i. e. to determine the 
character polarity), these are the "ontogenetic criterion" and the "outgroup criterion" 
(Eldredge & Cracraft, 1980; Brooks & McLennan, 1991; Kitching et al., 1998). The 
outgroup criterion states that, any trait found in at least one member of the group being 
studied, that also occurs in taxa outside the study group is plesiomorphic (Maddison et 
al., 1984). Homologous characters found in the members of a monophyletic group and in 
the sister group are plesiomorphic, while homologous characters found only in the 
ingroup are apomorphic (Brooks & McLennan, 1991). The ontogenetic criterion states 
that, where two organisms possess different adult states, if one organism exhibits the 
other's trait during development, its adult trait is apomorphic and that of the other adult 
trait is plesiomorphic. This approach is more limited than outgroup analysis. 
There are many different methods for estimating phylogenies (Siebert, 1992), but 
Parsimony has become the most widely used criterion for choosing between phylogenetic 
hypotheses, particularly in studies based on morphological data (Wilkinson & Benton, 
1996). The parsimony method attempts to find the tree that requires the least number of 
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changes to explain the observed data (Farris, 1983; Felsenstein 1982). Parsimony 
methods rely on minimizing the number of steps for the transformation of one character 
state to another and in minimizing conflicts in the data (Farris, 1983). So, the parsimony 
method searches for minimum length tree, the tree that minimizes the amount of 
evolutionary change needed to explain the available data (Wiley, 1981). This method is 
very widely used although there are arguments concerning the nature of parsimony and 
its value (Mickevich, 1983; Farris, 1983). 
Huys & Boxshall (1991) emphasised that the key criterion in the production of 
the matrix is not parsimony but homology. Since only homologous derived character 
states can be used to construct phylogenies, they considered that failure to devote 
sufficient attention to homology lies at the root of many of the new phylogenetic 
schemes that appear and then vanish with great rapidity. In almost any real data set, 
character conflict occurs, the reason behind this is the widespread occurrence of 
convergent or parallel evolution, which are collectively named homoplasy (Siebert, 
1992). 
Model studies of Phylogenetic systematics being used in the study of 
phylogenetic relationships between groups include the work on parasitic worms by 
Brooks (1977,1979,1989), Brooks, Grady & Glen (1985a, b), Bandoni & Brooks 
(1987a, b), Boeger & Kritsky (1989), and Brooks, Bandoni, Macdonald & O'Grady 
(1989). 
In copepods, phylogenetic studies were carried out using morphological 
characters at the ordinal level by Ho (1990), Huys & Boxshall (1991) and Ho (1994). 
Other work examining the phylogenetic relationships of parasitic copepods using 
cladistic analysis has been published. For example Ho & Do (1985) applied the cladistic 
approach to elucidating the phylogenetic relationships of the genera within the family 
Lernanthropidae (order Siphonostomatoida). Similar phylogenetic analyses of the genera 
with families include the Cecropidae (order Siphonostomatoida) by Benz & Deets (1988) 
and the Eudactylinidae (order Siphonostomatoida) by Deets & Ho (1988). Deets (1987, 
1994) revised and applied cladistic analysis at the species level to reveal the phylogenetic 
relationships between species of Kroeyerina (order Siphonostomatoida) parasitic on 
elasmobranchs. Amado, Ho & Rocha (1995) studied the phylogeny and biogeography of 
Ergasilidae. Ho (1997) used cladistic analysis at the species level to justify the creation of 
a new genus in the family Anthessiidae, parasitic on Molluscs. 
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The aim of this chapter is to use cladistic analysis as a tool to examine and define 
the phylogenetic relationships between the members of the Ergasilidae. It is based on the 
analysis of as many morphological characters as possible, for all the species included in 
this large family. The final result of this analysis will be used to construct a new 
hypothesis for the phylogenetic history of Ergasilidae, and to re-examine the validity of 
higher taxa, such as genera and subfamilies within the family. 
5.2 MATERIAL AND METHODS 
Cladistic analysis is a method of systematics that attempts to summarize 
knowledge about the similarities (based on homology) among organisms in terms of a 
branching diagram, called a cladogram (Cracraft, 1983). In order to study the 
phylogenetic relationships between the taxa of Ergasilidae, all the available 
morphological characters (obtained from the literature for most species) were analysed 
for all the nominal species contained in the family using PAUP (Phylogenetic Analysis 
Using Parsimony), a computer program prepared by D. L. Swofford (version 3.1- 
released in 1993). The aim of this analysis is to find the tree that most closely reflects the 
evolutionary history of the family. 
5.2.1. Species List 
The full matrix contains a total of 180 species as listed in (Table 5.1, Appendix 
5.1). Some of the nominal species contained in the family were excluded from this 
original matrix either because their original descriptions were inadequate or because 
these species were only partially described. The Ergasilidae currently comprises 26 
genera and about 210 species (including the new species described in the present work), 
of which 30 species belonging to Ergasilus have been excluded from the data matrix 
given in Appendix 5.1. Taxa marked with (*) are excluded because they are synonyms of 
other valid species, those with (* *) are excluded because of their incomplete and 
inadequate descriptions. All the taxa contained in the Ergasilidae are listed below: 
1. Genus ABERGASILUS Hewitt, 1978 
A. amplexus Hewitt, 1978 
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2. Genus AN PLEXIBRANCHIUS Thatcher & Paredes, 1985 
A. bryconis Thatcher & Paredes, 1985 
3. Genus ACUSICOLA Cressey & Collette, 1970 
A. tenax (Roberts, 1965) 
A. rogeri Amado & Rocha, 1996 (A. tenax sensu Cressey & Collette, 1970) 
A. cunula Cressey & Collette, 1970 
A. lycengraulidis Thatcher & Boeger, 1983 
A. tucunarense Thatcher, 1984 
A. pellonidis Thatcher & Boeger, 1983 
A. brasiliensis Amado & Rocha, 1996 
A. paracunula Amado & Rocha, 1996 
A. spinulosa Amado & Rocha, 1996 
A. rotunda Amado & Rocha, 1996 
A. spinuloderma El-Rashidy & Boxshall, 1999 
A. joturicola El-Rashidy & Boxshall, 1999 
A. mazatlanesis El-Rashidy & Boxshall, 1999 
4. Genus BRASERGASILUS Thatcher & Boeger, 1983 
B. jaraquensis Thatcher & Boeger, 1983 
B. anodus Thatcher & Boeger, 1983 
B. guaporensis Malta, 1993 
5. Genus DERMOERGASILUS Ho & Do, 1982 
D. amplectens (Dogiel & Akhmerov, 1952) 
D. varicoleus Ho, Jayarajan & Radhakrishnan, 1992 
D. acanthopagri Byrnes, 1986 
D. coleus Cressey & Collette, 1970 
D. semicoleus Cerssey & Collette, 1970 
D. mugilis Oldewage & van As, 1988 
D. intermedius (Kabata, 1992) 
D. longiabdominalis n. sp. 
D. semiamplectens n. sp. 
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D. curtus n. sp. 
6. Genus DIERGASILUS Do, 1982 
D. kasaharai Do, 1982 
7. Genus ERGAS1LUS von Nordmann, 1832 
Species from North America 
E. labracis Kroyer, 1863 
E. caeruleus Wilson, 1911 
E. versicolor Wilson, 1911 
E. luciopercarum Henderson, 1926 
E. celestis Mueller, 1936 
E. nerkae Roberts, 1963 
E. auritus Markevich, 1940 
E. arthrosis Roberts, 1969 
E. cerastes Roberts, 1969 
E. cyprinaceus Rogers, 1969 
E. clupeidarum Johnson & Rogers, 1972 
E. spatulus Cressey & Collette, 1970 
E. centrarchidarum Wright, 1882 
E. chautauquanesis Fellows, 1887 
E. lanceolatus Wilson, 1914 
E. megaceros Wilson, 1914 
E. turgidus Fraser, 1920 
E. wareaglei Johnson, 1971 
E. lizae Kreger, 1863 
*E. osburni Tidd, 1945 (syn. of E. celestis Muller) 
*E. nigritus Wilson, 1914 (syn. of E. centrarchidarum Wright) 
*E. confusus Bere, 1931 (syn. of E. luciopercarum Henderson 
*E. elegans Wilson, 1914 (syn of E. versicolor Wilson) 
* *E. manicatus Wilson, 1911 
* *E. funduli Kroyer, 1863 
* *E. felichthys (Pearse, 1947) 
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* *E. cotti Kellicott, 1892 
* *E. elongatus Wilson, 1914 
* *E. mugilis Vogt, 1877 
Species from South America and the Carribean region 
E. bahiensis Amado & Rocha, 1995 
E. atafonensis Amado & Rocha, 1995 
E. parabahiensis El-Rashidy & Boxshall, 1999 
E. cyanopictus Carvalho, 1962 
E. ecuadorensis n. sp. 
E. pitalicus Thatcher, 1984 
E. euripedesi Montü, 1980 
E. colomesus Thatcher & Boeger, 1983 
E. callophysus Thatcher & Boeger, 1984 
E. caraguatatubensis Amado & Rocha, 1995 
E. argulus Cressey & Collette, 1970 
E. hypophthalmi Boeger, Martins & Thatcher, 1993 
E. triangularis Malta, 1994 
E. hydrolochus Thatcher, Boeger & Robertson, 1984 
E. jaraquensis Thatcher & Robertson, 1982 
E. bryconis Thatcher, 1981 
E. holobryconis Malta & Varella, 1986 
E. leporinidis Thatcher, 1981 
E. iheringi Tidd, 1942 
E. turucuyus Malta & Varella, 1996 
E. urupaensis Malta, 1993 
E. yumaricus Malta & Varella, 1995 
**E. thomsoni Thomsen, 1949 
**E. xenomelanirisi Carvalho, 1955 
* *E. longipalpus Wilson, 1913 
* *E. myctarothes Wilson, 1913 
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Species from Africa 
E. kandti van Douwe, 1911 
E. cunningloni Capart, 1944 
E. monodi Brian, 1927 
E. latus Fryer, 1960 
E. lamellifer Fryer, 1961 
E. flaccidus Fryer, 1965 
E. inf latipes Cressey & Collette, 1970 
E. mirabilis Oldewage & van As, 1987 
E. indistinctus n. sp. 
E. megacheir (Sars, 1909) 
E. macrodactylus Sars, 1909 
**E. brevimanus Sars, 1909 
* *E. nodosus Wilson, 1928 
* *E. sarsi Capart, 1944 
* *E. ilani van As & Oldewage, 1987 
**E. sarsi Capart, 1944 
* *E. nodosus Wilson, 1928 
Species from India and Indopacific 
E. brari Battish & Brar, 1990 
E. philippinensis Velasquez, 1951 
E. borneonsis Yamaguti, 1954 
E. rotundicorpus Jones & Hine, 1983 
E. parvitergum Ho, Jayarajan & Radhakrishnan, 1992 
E. rostralis Ho, Jayarajan & Radhakrishnan, 1992 
E. uniseriatus Ho, Jayarajan & Radhakrishnan, 1992 
E. ludhianata Battish, Brar, Bhalla & Kochar, 1997 
E. sittangensis n. sp. 
E. piriformus n. sp. 
E. parabora n. sp. 
* *E. polynemi Redkar, Rangnekar & Murti, 1951 
* *E. bengalensis Southwell & Prashad, 1918 
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**E. hamiltoni Southwell & Prashad, 1918 
* *E. thailandensis Capart, 1943 
* *E. scotti Sundara Raj, 1923 
* *E. batai Karamchandani, 1953 
* *E. ceylonensis Fernando & Hanek, 1973 
* *E. mendisi Fernando & Hanek, 1973 
* *E. pakistanicus Jafri, 1995 
Species from Australia 
E. spinilaminatus Kabata, 1992 
E. ogawai Kabata, 1992 
E. australiensis Roubal, 1981 
E. acusicestraeus El-Rashidy & Boxshall, 1999 
E. extensus n. sp. 
Species from Eurasia 
E. sieboldi Nordmann, 1832 (Type species) 
E. barbi Rahimo, 1982 
E. mosulensis Rahimo, 1982 
E. gibbus Nordmann, 1832 
E. hoferi Borodin, 1915 
E. tissensis Djachenko, 1969 
E. wilsoni Markevich, 1933 
E. gobiorum Markevich, 1967 
E. fidiformis Yamaguti, 1953 
E. plecoglossi Yamaguti, 1939 
E. orientalis Yamaguti, 1939 
E. hypomesi Yamaguti, 1936 
E. amblycephalus Kuang, 1983 
E. anchoratus Markevich, 1946 
E. bagarii Kuang, 1983 
E. briani Markevich, 193 2 
E. glyptothoracis Kuang, 1983 
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E. leiocassi Xu, 1987 
E. magnicornis Yin, 1949 
E. peregrinus Heller, 1865 
E. scalaris Markevich, 1940 
E. shehyangensis Wang, 1961 
E. tumidus Markevich, 1940 
E. xinjiangensis Kuang & Qian, 1985 
E. yaluzangbus Kuang & Qian, 1985 
E. ovatus Shen, 1957 
E. cochlearius Kuang & Liu, 1991 
E. lobus Lin & Ho, 1998 
*E. nanus van Beneden, 1870 (syn. of E. lizae Kreger) 
*E. gasteroides Kreyer, 1863 ( syn. of Thersitina gasterostei (Pagenstecher)) 
*E. minor Halish, 1934 (syn. of E. briani Markevich) 
*E. squaliobarbi Dogiel & Achmerov, 1952 (is transferred to Neoergasilus 
squaliobarbi (Dogiel & Achmerov)) 
**E. baikalensis Messjatzef, 1926 
**E. longimanus Kroyer, 1863 
**E. trisetacous Nordmann, 1832 
* *E. biuncinatus Gaad, 1901 
**E. surbecki Baumann, 1912 
* *E. longicaudatus Kuang & Li, 1984 
8- Genus GAMIDACTYLUS Thatcher & Boeger, 1984 
G. jaraquensis Thatcher & Boeger, 1984 
G. bryconis Varella, 1995 
9- Genus GAMISPINUS Thatcher & Boeger, 1984 
G. diabolicus Thatcher & Boeger, 1984 
10- Genus GAMISPATULUS Thatcher & Boeger, 1984 
G. schizodontis Thatcher & Boeger, 1984 
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11- Genus WGILICOLA Tripathi, 1960 
M. bulbosa Tripathi, 1960 
M. smithae Jones & Hine, 1978 
M. australiensis Boxshall, 1986 
M. kabatai Piasecki, Khamees & Mhaisen, 1991 
M. bombayensis n. sp. 
12- Genus NEOERGASILUS Yin, 1956 
N. japonicus (Harada, 1930) 
N. spinipes Byrnes, 1986 
N squaliobarbi (Dogiel & Akmerov, 1952) 
N longispinosus Yin, 1956 
N ferozepurensis Kumari, Khera & Gupta, 1988 
N notopteri Kumari, Khera & Gupta, 1988 
13- Genus NIPERGASILUS Yamaguti, 1939 
N. bora (Yamaguti, 1939) 
14- Genus PAEONODES Wilson, 1944 
* *P. exiguus Wilson, 1944 
P. nemaformis Hewitt, 1969 
P. lagunaris van Banning, 1974 
P. subviridis n. sp. 
15- Genus PARAERGASILUS Markevich, 1937 
P. rylovi Markevich, 193 7 
P. lagoonaris Paperna, 1969 
P. minutus (Fryer, 1956) 
P. inflatus Ho, Khamees & Mhaisen, 1996 
P. reductus Reddy & Kasaiah, 1994 
P. mimus Yin, 1962 
P. brevidigitus Yin, 1954 
P. longidigitus Yin, 1954 
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P. medius Yin, 1956 
P. dentatus Ho, Jayarajan, & Radhakrishnan, 1992 
P. remulus Cressey & Collette, 1970 
P. acanthopagri Roubal, 1981 
P. curtus n. sp. 
P. dichotomus n. sp. 
16- Genus PSEUDOERGASILUS Yamaguti, 1936 
P. parasiluri Yamaguti, 1936 
P. zacconis Yamaguti, 193 6 
17- Genus PINDAPIXARA Malta, 1994 
P. tarira Malta, 1994 
18- Genus PREHENDORASTRUS Boeger & Thatcher, 1990 
P. bidentatus Boeger & Thatcher, 1990 
P. monodontus Boeger & Thatcher, 1990 
19- Genus RHINERGASELUS Boeger & Thatcher, 1988 
R. piranhus Boeger & Thatcher, 1988 
20- Genus SINERGASILUS Yin, 1949 
S. major (Markevich, 1940) 
S. polycolpus (Markevich, 1939) 
S. undulatus (Markevich, 1940) 
21- Genus TEREDOPHLIUS Rancurel, 1954 
T. renicola Rancurel, 1954 (syn. Ergasiluxulus inflatus Harding, 1964) 
22- Genus THERODAMAS Kr, yer, 1863 
T serrani Kreryer, 1863 
T. dawsoni Cressey, 1972 
T. f luviatilis Paggi, 1976 
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T elongatus (Thatcher, 1986) (originally as Amazonicopeus elongatus) 
T. tamarae Amado & Rocha, 1996 
23- Genus THERSITINA Norman, 1905 
T. gasterostei (Pagenstecher, 1861) 
24- Genus VAIGAMUS Thatcher & Robertson, 1984 
V. retrobarbatus Thatcher & Robertson, 1984 
25- Genus PSEUDOVAIGAMUS Amado, Ho & Rocha, 1995 
P. spinicephalus (Thatcher & Robertson, 1984) 
26- Genus MIRACETYMA Malta, 1993 
M etimaruya Malta, 1993 
M piraya Malta, 1993 
M kawa Malta, 1993 
5.2.2 Safe Taxonomic Reduction (first grouping) 
A software package "Safe taxonomic reduction based on taxonomic equivalence" 
(Wilkinson, 1995), was used to reduce the number of taxa, by eliminating taxa that have 
identical character states from the data matrix. The 180 species contained in the original 
data matrix were thus reduced to 147 species. This reduced computing time and made 
maximum use of the limited memory of the computer. Eliminating the taxa takes two 
steps: 
1- Grouping the taxa that have identical character states. 
2- Grouping any further taxa that differ only in uninformative characters or display an 
autapomorphic state within a multistate series by considering these characters as (? ). 
5.2.3 The grouped taxa: 
* 14- Acusicola spinuloderma group: 
15- Acusicola joturicola, 16- Acusicola mazatlanesis. 
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* 21- Dermoergasilus amplectens group : 
22- Dermoergasilus varicoleus, 28- Dermoergasilus longiabdominalis, 29- 
Dermoergasilus semiamplectens. 
*27- Dermoergasilus intermedius group: 
30- Dermoergasilus curtus. 
*34- Ergasilus versicolor group: 
=40- Ergasilus cerastes, 42- Ergasilus clupeidarum, 54- Ergasilus cyanopictus, 
55- Ergasilus ecuadorensis, 56- Ergasilus pitalicus, 61- Ergasilus argulus. 
*50- Ergasilus lizae group: 
39- E. arthrosis, 52- E. atafonensis, 53- E. parabahiensis, 104- E. tissensis. 
*65- Ergasilusjaraquensis group: 
66- Ergasilus bryconis, 67- Ergasilus holobryconis, 70- Ergasilus turucuyus. 
*83- Ergasilus brari group: 
=117- Ergasilus magnicornis, 124- E. ovatus. 
*86- Ergasilus rotundicorpus group: 
=109- Ergasilus orientalis. 
* 115- Ergasilus hypomesi group: 
118- Ergasilus peregrinus. 
* 125- Ergasilus cochlearius group: 
=166- Sinergasilus major, 167- S. polycolpus, 168- S. undulatus. 
* 129- Gamispinus diabolicus group: 
130- Gamispatulus schizodontis. 
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* 150- Paraergasilus rylovi group: 
152- Paraergasilus brevidigitus, 153- Paraergasilus longidigitus, 154- 
Paraergasilus medius. 
* 155- Paraergasilus dentatus group: 
157- P. acanthopagri. 
* 158 Paraergasilus curtus group: 
159- P. dichotomus. 
* 163 Prehendorastrus bidentatus group: 
164- Prehendorastrus monodentatus. 
5.2.4 Outgroup 
The most commonly applied method of determining the polarity of character 
states is the procedure of outgroup comparison (Eldredge & Cracraft, 1980, Maddison et 
al., 1984; Wiley, 1981; Wiley et al., 1991, Kitching et al., 1998). Henning (1966) and 
Brundin (1966) recognized that if the investigator can find the closest relative (sister 
group or outgroup) to the group under study (ingroup), then it could be used as the basic 
tool for deciding which characters are apomorphic and which are plesiomorphic in the 
transformation series. The outgroup criterion states that if two homologous character 
states found within the ingroup, the character that is also found in the sister group is the 
plesiomorphic character and the state or states found only in the in group is or are 
apomorphic. 
The plesiomorphic family Clausidiidae occupies a pivotal position near the base 
of the phylogenetic tree of the order Poecilostomatoida, as proposed by Huys & 
Boxshall (1991). This family is considered more primitive than the Ergasilidae since it 
retains a large number of plesiomorphic character states and its species are typically 
loosely associated with a wide range of host groups. In the absence of a more highly 
resolved phylogeny for the order, the family Clausidiidae was chosen as the outgroup for 
this analysis of the Ergasilidae. 
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Copepods of the genus Hemicyclops Boeck, 1872 are known from intertidal and 
shallow coastal waters and exhibit a wide geographical range. Most species of this genus 
occur in association with marine invertebrates or in the burrows occupied by tubicolous 
hosts (Humes, 1984). This kind of association appears to be intermediate between a free 
living and a parasitic mode of life. Hemicyclops acanthophorus Humes, 1995 was 
selected as a representative of genus Hemicyclops to be the outgroup for this analysis of 
relationships within the Ergasilidae. 
5.2.5 Characters 
A total of 96 characters was used. The character set is based on features of body 
segmentation (characters 1-7); mouthparts (character 8); urosome (characters 9-11); 
antennule (characters 12,13); antenna (characters 14-24); swimming leg 1 (characters 
25-41) 96); swimming leg 2 (characters 42-57); swimming leg 3 (characters 58-72); 
swimming leg 4 (characters 73-90); and leg 5 (characters 91-95). Characters which are 
based on particular structures or on identified spines and setae on the swimming legs are 
illustrated below to facilitate interpretation. 
The common trend in copepod evolution was assumed to be towards the fusion 
and loss of body somites and of appendage segments, and the loss of setation elements 
(Boxshall et al., 1984). The detailed analysis of all orders of copepods carried out by 
Huys & Boxshall (1991) strongly supported that assumption of oligomerization. 
Typically the reduction of segments and loss of spines or setae can be considered as the 
apomorphic state in the present analysis, but polarisation of character states is based on 
outgroup comparison. 
5.2.6 The character set 
The characters used in the analysis are listed below. Characters were scored using 
the multistate system: 0= plesiomorphic state, 1= apomorphic state, 2= more derived 
state, 3= more derived state. Missing data scored as ?, indicates lack of information 
about that character. The character number given in [brackets] refers to the number in 
the second, reduced analysis. 
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Character 1: Posterolateral process on cephalothorax [1]. 
(Score 0= absent, 1= present) 
Comment: The plesiomorphic state is common within the Ergasilidae; the derived state is 
expressed only in six species belonging to five Brazilian genera: Gamidactylus, 
Gamispatulus, Gamispinus, Vaigamus and Pseudovaigamus and in five species of 
Paraergasilus (Figures 5.1 A, B). According to Amado et al. (1995), the structure of the 
retrostylets in Paraergasilus, Vaigamus and Pseudovaigamus is similar but differs from 
that in first three genera. However, they did not provide convincing evidence in support 
of this interpretation. This character is scored for all six taxa as a binary character rather 
than as a multistate. 
Character 2: Second pedigerous somite fused to cephalothorax. 
(Score 0= not fused, 1= fused) 
Comment: The fusion of the first pedigerous somite to cephalosome forming a 
cephalothorax is widespread within the copepods, and is considered to be the 
plesiomorphic state for the Ergasilidae. But fusion of the second pedigerous somite to 
the cephalothorax is an apomorphic state. The derived state is expressed in species of the 
modified genera Mugilicola and Paeonodes, in Teredophilus renicola and in Thesitina 
gasterostei (Figure 5.1 Q. 
Character 3: Third pedigerous somite fused to cephalothorax [2]. 
(Score 0= not fused, 1= fused) 
Comment: The derived character state is shared by members of Paeonodes and 
Mugilicola (Figure 5.1 Q. 
Character 4: Fourth pedigerous somite fused to cephalothorax [3]. 
(Score 0= not fused, 1= fused). 
Comment: The derived state is shared by species of Paeonodes and Mugilicola (Figure 
5.1C). 
Character 5: Articulation between fourth and fifth pedigerous somites not 
expressed. 
(Score 0= expressed, 1= not expressed) 
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Comment: The derived character state is found in Mugilicola, Paeonodes and 
Nipergasilus bora (Figure 5.1D). 
Character 6: Postoral elongation forming a neck [4]. 
(Score 0= not expressed, 1= expressed) 
Comment: The derived state is shared by the species of Mugilicola and Paeonodes 
(Figure 5.1C). 
Character 7: Preoral elongation forming a neck [5]. 
(Score 0= not expressed, 1= expressed) 
Comment: Therodamas is the only genus in which all the species exhibited a neck 
anterior to mouthparts (Figure 5.1E). 
Character 8: Maxilliped absent in females [6]. 
(Score 0= present, 1= absent) 
Comment: The maxilliped is present in the outgroup and in males of Ergasilidae, but is 
absent in the parasitic females. This apomorphy is shared by all the females of Ergasilidae 
and is included to help define the ingroup. 
Character 9: Genital double-somite elongated. 
(Score 0= not expressed, 1= expressed) 
Comment: All Ergasilidae exhibit the plesiomorphic state in which the genital double- 
somite is barrel-shaped, except for six species of Dermoergasilus and two species of 
Ergasilus, E. indistinctus and E. acusicestraeus. These species exhibit an elongated 
genital double-somite, usually accompanied by the elongation of the first free abdominal 
somite (Figure 5.2A). 
Character 10: Free abdominal somites fused to form a unit [7]. 
(Score 0= not fused, 1= fused) 
Comment: In all species of Therodamas only, the free abdominal somites are fused to 
form an inflated unit. The present study indicated that abdominal somites in Paeonodes 
and Mugilicola are not totally fused (Figure 5.2B), as had been previously thought 
(Amado et al., 1995). 
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Character 11: Digitiform process on caudal rami [8]. 
(Score 0= absent, I= present) 
Comment: All species of Dermoergasilus possess a digitiform process on the caudal rami 
(Figure 5.2A). 
Character 12: Articulation between third and fourth antennulary segments 
not expressed. 
(Score 0= expressed, 1= not expressed) 
Comment: The antennule of the outgroup is 7-segmented, but the maximum number of 
antennulary segments in Ergasilidae is six, indicating that two separate segments in the 
antennule of the outgroup have been fused or failed to separate in the Ergasilidae. 
Careful analysis of the armature of the three distal segments confirms that they are 
homologous with segments XXI-XXIV, XXV and XXVI -XXVIII in both the outgroup 
and the Ergasilidae. The setation patterns indicate that segment 3 in Ergasilidae is formed 
by the failure of expression of the articulation between segments 3 and 4 in the outgroup. 
This apomorphic character state is shared by all members of the Ergasilidae (Figure 
5.2C) D). 
Character 13: Articulation between first and second antennulary segments 
not expressed [9]. 
(Score 0= expressed, 1= not expressed) 
Comment: The 5-segmented antennule is an apomorphy for all species of the following 
12 genera: Acusicola, Diergasilus, Gamispinus, Gamispatulus, Mugilicola, Paeonodes, 
Paraergasilus, Prehendorastrus, Teredophilus, Therodamas, Thersitina and 
Miracetyma, and for seven species of Ergasilus. The apomorphic state resulted from the 
failure of expression of the articulation between the first and second antennulary 
segments (Figure 5.2 D, E). 
Character 14: Coxobasis of antenna inflated posterolaterally forming 
posterior process [101. 
(Score 0= not expressed, 1= expressed) 
Comment: The coxobasis on the antenna is produced posterolaterally into a globular 
sleeve-like process, either encircling the coxobasis only or extending further to also 
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encircle the first endopodal segment. The extent of expression of this feature varies from 
species to species. The apomorphic state is exhibited by 20 species of the genus 
Ergasilus (Figure 5.3A). 
Character 15: Second endopodal segment of the antenna recurved [11]. 
(Score 0= not recurved, 1= recurved) 
Comment: The derived state is found only in two genera: Abergasilus (comprising only 
one species, A. amplexus) and all species of Neoergasilus (Figure 5.3B). 
Character 16: Inner proximal edge of first and second endopodal segments 
of the antenna dentate. 
(Score 0= not dentate, 1= dentate) 
Comment: The apomorphic character state is shared by the two species comprising the 
genus Prehendorastrus (Figure 5.3C). 
Character 17: First endopodal segment of the antenna ornamented with 
spinules [121. 
(Score 0= absent, 1= present) 
Comment: The presence of minute spinules on the first endopodal segment of the 
antenna is the derived state and is expressed only in the three new species of Acusicola, 
and in Gamispinus diabolicus and Gamispatulus schizodontis (Figure 5.3D). 
Character 18: Second endopodal segment of the antenna modified 
proximally [13]. 
(Score 0= not modified, 1= modified). 
Comment: Three genera from Brazil exhibit the derived state: Amplexibranchius, 
Acusicola and Miracetyma. Additionally four species of Ergasilus from Africa, E. 
cunningtoni, E. lamellifer, E. mirabilis and E. megacheir, display a similar derived 
condition (Figure 5.3E). 
Chapter 19: Terminal armature of the antenna: upper claw present or 
absent [141. 
(Score 0= present, 1= absent) 
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Comment: The plesiomorphic state, present in the genus Paraergasilus, is the possession 
of three terminal claws. In order to identify which of the claws is present, the antenna of 
most genera has been examined (see chapter 4). The loss of the upper claw is a derived 
state, exhibited by all genera except three: Paraergasilus, Diergasilus and Thersitina 
(Figure 5.3F). 
Character 20: Terminal armature of the antenna: middle claw present or 
absent. 
(score 0= present, 1= absent) 
Comment: The plesiomorphic state is retained by all genera and species included in the 
family (Figure 5.3F). 
Character 21: Terminal armature of the antenna: inner claw present or 
absent [15]. 
(Score 0= present, 1= absent) 
Comment: The plesiomorphic state is retained by four genera: Paraergasilus, 
Gamidactylus, Gamispinus and Gamispatulus. All other genera have lost the inner claw 
and exhibit the apomorphic state (Figure 5.3F). 
Character 22: Inner claw of the antenna branched [excluded]. 
(Score 0= not branched, 1= branched) 
Comment: The apomorphic state is exhibited only by the two new species of 
Paraergasilus (Figure 5.3G). 
Character 23: Outer layer of cuticle inflated to form membrane around the 
antenna [161. 
(Score 0= absent, 1= present, 2= chitinous lamella) 
Comment: The derived state is expressed in species included in four genera: 
Amplexibranchius, Acusicola, Miracetyma and Dermoergasilus (Figure 5.4A) and in 
two species of Ergasilus: E. extensus and E. acusicestraeus. The chitinous lamella (state 
2) is expressed only in E. lamellifer and E. megacheir (Figure 5.3B). 
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Character 24: Antennae interlocking [171. 
(Score 0= not interlocking, 1= interlocking, 2= interlocking within the membrane, 3= 
interlocking by resting either on or in the modified second endopodal segment). 
Comment: The derived state (1) refers to the interlocking antennae that are not 
ensheathed with membrane. This apomorphy is exhibited by E. cunningtoni, E. 
lamellifer, E. megacheir and E. mirabilis (Figure 5.4B). State (2) is exhibited by all 
Dermoergasilus species (Figure 5.4A) and by two species of Ergasilus, E. extensus and 
E. acusicestraeus. Multistate (3) is found in Amplexibranchius, Acusicola and 
Miracetyma (Figure 5.4C). 
Character 25: Large process on basis between rami of first swimming leg 
[isl. 
(Score 0= present, 1= present) 
Comment: The derived state is present only in Neoergasilus (Figure 5.4D). 
Character 26: Outer spine on first exopodal segment of leg 1 [excluded]. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 27: Outer spine on second exopodal segment of leg 1 [191. 
(Score 0= present, 1= modified to large process, 2= absent) 
Comment: The derived state (1) is exhibited by all the species of only one genus, 
Neoergasilus (Figure 5.5A). 
Character 28: Inner seta on second exopodal segment of leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 29: Outer spine on terminal exopodal segment of leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 30: Terminal spine on terminal exopodal segment of leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 31: Inner proximal seta on terminal exopodal segment of leg 1. 
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(Score 0= present, 1= absent) (Figure 5.5A). 
Character 32: Inner second proximal seta on terminal exopodal segment of 
leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 33: Outer distal seta on terminal exopodal segment modified 
[201. 
(Score 0= not expressed, 1= expressed) (Figure 5.5A). 
Comment: The derived state in which the seta has a conspicuous proximal barb on outer 
margin followed by dorsal row of strong spinules, is exhibited by a group of ten species 
of Ergasilus from Brazil. 
Character 34: Inner seta on first endopodal segment of leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 35: Articulation between second and third endopodal segment of 
leg 1 not expressed (2-segmented) [21]. 
(Score 0= expressed, 1= not expressed) 
Comment: The derived state is exhibited by eleven Brazilian genera: Amplexibranchius, 
Acusicola, Brasergasilus, Gamidactylus, Gamispatulus, Gamispinus, Prehendorastrus, 
Pindapixara, Rhinergasilus, Vaigamus and Pseudovaigamus. In addition, five species of 
Ergasilus from N. America: E. versicolor, E. cerastes, E. clupeidarum, E. 
chautauquanesis and E. megaceros, and the Brazilian Ergasilus species (numbers 54-72) 
also share the derived state (Figure 5.5B). 
Character 36: Inner seta on second endopodal segment of leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 37: Outer spine on terminal endopodal segment of leg 1. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 38: Outer terminal seta on terminal endopodal segment of leg 1. 
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(Score 0= present, 1= modified to a spine, 2= absent) (Figure 5.5A). 
Character 39: Inner terminal seta on distal endopodal segment of leg 1. 
(Score 0= present, 1= modified to a spine, 2= absent) (Figure 5.5A). 
Character 40: Inner proximal seta on distal endopodal segment. 
(Score 0= present, 1= absent) (Figure 5.5A). 
Character 41: Outer membrane on terminal endopodal segment of leg 1 
[22]. 
(Score 0= absent, 1= present) 
Comment: The derived state is present only in four species of the genus Paraergasilus: 
P. lagoonaris, P. minutus, P. inflatus, and P. reductus (Figure 5.5C). 
Character 42: Outer spine on first exopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 43: Outer spine on second exopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 44: Inner seta on second exopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 45: Proximal outer spine on terminal exopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 46: Distal outer spine on terminal exopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 47: Terminal spine on third exopodal segment of leg 2. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 48: Inner proximal seta on third eaopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
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Character 49: Second inner proximal seta on third exopodal segment of leg 
2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 50: Third inner proximal seta on terminal exopodal segment of 
leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 51: Inner seta on first endopodal segment of leg 2. 
(score 0= present, 1= absent) (Figure 5.6). 
Character 52: Proximal inner seta on second endopodal segment of leg 2 
[23] 
. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 53: Distal inner seta on second endopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 54: Outer spine on distal endopodal segment of leg 2. 
(scored 0= present, 1= absent) (Figure 5.6). 
Character 55: Outer terminal spine on distal endopodal segment of leg 2. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 56: Inner terminal spine on distal endopodal segment of leg 2. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 57: Inner proximal seta on distal endopodal segment of leg 2. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 58: Outer spine on first exopodal segment of leg 3. 
(Score 0= present, 1= absent) (figure 5.6). 
317 
Character 59: Outer spine on second exopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 60: Inner seta on second exopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 61: Outer proximal spine on terminal exopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 62: Outer distal spine on terminal exopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 63: Terminal spine on third exopodal segment of leg 3. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 64: Inner proximal seta on third exopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 65: Second inner proximal seta on terminal exopodal segment of 
leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 66: Inner seta on first endopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 67: Proximal inner seta on second endopoodal segment of leg 3 
[241. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 68: Distal inner seta on second endopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 69: Outer spine on terminal endopodal segment of leg 3. 
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(Score 0= present, 1= absent) (Figure 5.6). 
Character 70: Outer terminal spine on third endopodal segment of leg 3. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 71: Inner terminal spine on third endopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 72: Inner proximal seta on third endopodal segment of leg 3. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 73: Leg 4 biramous, reduced or absent [251. 
(Score 0= biramous, 1= represented by a seta, 2= completely absent) 
Comment: Most ergasilids have a biramous fourth leg (the plesiomorphic state); the 
derived state (1) is exhibited by two genera, Abergasilus and Rhinergasilus, in which the 
leg is represented by only one seta, located on the body surface. Leg 4 is entirely lost in 
Brasergasilus and Mugilicola. 
Character 74: Outer spine on first exopodal segment of leg 4. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 75: Articulation between second and third exopodal segments of 
leg 4 not expressed (2-segmented). 
(Score 0= expressed, 1= not expressed). 
Comment: The exopod of leg 4 is 2-segmented in all ergasilids, i. e. they all share the 
apomorphic state (Figure 5.7A). 
Character 76: Articulation between first and second exopodal segments of 
leg 4 not expressed (1-segmented) [261. 
(Score 0= expressed, 1= not expressed). 
Comment: The derived state is exhibited by five Brazilian genera: Gamidactylus, 
Gamispinus, Gamispatulus, Rhinergasilus and Vaigamus; by all Paeonodes species; by 
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two species of Neoergasilus (N. japonicus and N. squaliobarbi); and by only one species 
of Ergasilus, E. iheringi (Figure 5.7B, Q. 
Character 77: Outer proximal spine on terminal exopodal segment of leg 4. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 78: Outer distal spine on terminal exopodal segment of leg 4. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 79: Terminal spine on distal exopodal segment of leg 4. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 80: Inner proximal seta on terminal exopodal segment of leg 4. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 81: Second inner proximal seta on terminal exopodal segment of 
leg 4. 
(0 = present, 1= absent) (Figure 5.6). 
Character 82: Inner seta on first endopodal segment of leg 4. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 83: Proximal inner seta on second endopodal segment on leg 4 
[271. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 84: Distal inner seta on second endopodal segment of leg 4. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 85: Articulation between first and second endopodal segments of 
leg 4 not expressed (2-segmented) [28]. 
(Score 0= expressed, 1= not expressed) 
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Comment: The 2-segmented endopod of leg 4 is exhibited by six Brazilian genera: 
Gamidactylus, Gamispatulus, Gamispinus, Vaigamus, Pinapixara and Rhinergasilus; by 
twelve species of Ergasilus from Brazil and three from the West Pacific; by Paeonodes, 
Nipergasilus and four species of Neoergasilus (Figure 5.7A, B). 
Character 86: Articulation between first and second endopodal segments of 
leg 4 not expressed (1-segmented) [29]. 
(Score 0= expressed, 1= not expressed) 
Comment: Nearly all ergasilid genera retained the plesiomorphic state; the derived state 
is exhibited only by one species of Neoergasilus, N. japonicus, and by two Paeonodes 
species (Figure 5.7C). 
Character 87: Outer spine on terminal endopodal segment of leg 4. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 88: Outer terminal spine on distal endopodal segment of leg 4. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6). 
Character 89: Inner terminal spine on distal endopodal segment of leg 4. 
(Score 0= present, 1= modified to a seta, 2= absent) (Figure 5.6) 
Character 90: Inner proximal seta on distal endopodal segment of leg 4 
[excluded]. 
(Score 0= present, 1= absent) (Figure 5.6). 
Character 91: Free exopodal segment of leg 5 [30]. 
(Score 0= fully separate, 1= reduced to a papilla, 2= absent) 
Comment: The plesiomorphic state is exhibited in five genera: Dermoergasilus, 
Neoergasilus, Nipergasilus, Paraergasilus and Sinergasilus, and by nearly two thirds of 
Ergasilus species (Figure 5.7 E). Leg 5 in Teredophilus, Paeonodes, Mugilicola and 
Therodamas is represented by a papilla, as shown by the present work. Brasergasilus 
was described as lacking leg 5 but examination of the type slide of Brasergasilus 
jaraquensis revealed that leg 5 is present as papilla bearing at least 1 seta. 
321 
Character 92: Lateral seta on exopod of leg 5 [31]. 
(Score 0= present, 1= absent) (Figure 5.7E). 
Character 93: Subapical seta on exopod of leg 5. 
(Score 0= present, 1= absent) (Figure 5.7E). 
Character 94: Apical seta on exopod of leg 5. 
(Score 0= present, 1= absent) (Figure 5.7F). 
Character 95: Dorsal protopodal seta on leg 5. 
(Score 0= present, 1= absent) (Figure 5.7F). 
Character 96: Second endopodal segment of leg 1 rod-shaped [321. 
(Score 0= not expressed, 1= expressed) 
Comment : The derived state is present only in Miracetyma (Figure 5.4E) 
5.2.7. The character types 
Two character settings have been used in the PAUP analysis; UNORDERED and 
IRREVERSIBLE-UP, in order to compare resulting tree topologies: 
UNORDERED = (Fitch optimization) this setting permits character reversals and allows 
the shortest, most parsimonious trees to be selected . 
IRREVERSIBLE-UP = (Camin-Sokal optimization) this setting prohibits character 
reversals, instead it generates more homoplasies (convergences) and usually results in 
longer, less parsimonious trees. 
Camin-Sokal IRREVERSIBLE-UP method was chosen for the character type in 
the final analysis. This method postulates that evolution is irreversible so that a character 
once lost within a lineage is not regained in the same lineage . 
It prohibits reversals from 
a derived state to a relatively more ancestral or plesiomorphic condition (Can-in & Sokal, 
1965). All homoplasy must therefore be accounted for by parallelism or convergence 
(Kitching, 1993). The use of this option is based on the lack of evidence of true character 
reversals in the copepods, as discussed by Huys & Boxshall (1991). 
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5.2.8. Consensus tree 
One method of dealing with a set of topologically different but equally 
parsimonious trees that result from an initial analysis, is to combine their information in 
some manner. Consensus trees are trees that combine the information about groupings 
contained in two or more different trees, into a single tree (Wiley et al., 1991). 
Consensus trees can be considered as an indirect method for resolving character conflict 
in the construction of a general classification (Kitching et al., 1998). There are four kinds 
of consensus trees: 
1- Strict consensus tree, the unique tree that contains only those groups that occur in all 
competing cladograms (Sokal & Rohlf, 1981). 
2- Semi-strict consensus trees, differ from the strict tree by preserving relationships that 
are not always supported, but are not conflicting. 
3- Majority-rule consensus trees, are specified to retain those components that occur in 
more than 50 % of the cladograms (Margush & McMorris, 1981). 
4- Adams consensus trees, are designed to give the highest resolution possible between 
two or more trees when these trees are logically inconsistent. The taxa responsible for 
the conflict are relocated. 
In this analysis of phylogenetic relationships within the Ergasilidae, 50 % majority-rule 
trees have been usually calculated. 
5.3 CLADISTIC ANALYSIS 
For such a large data set, approximate or Heuristic methods must be adopted, 
which generally use "hill-climbing" techniques, to reduce computing time. 
5.3.1. Analysis using full character set 
The following PAUP options were employed in the first analysis using the first 
grouped taxa set (147 species) and all the characters (96): 
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A. Unordered characters 
The following options were used: 
Search = HEURISTIC; Stepwise Addition = SIMPLE, CLOSEST and 
RANDOM; Branch Swapping = Tree Bisection-Reconnection (TBR); Multiple 
Parsimonious Trees (MULPAR) = not in effect (this option permits saving one tree 
only); Character Set = UNORDERED. 
The three options of the stepwise addition sequence (simple, closest and random) 
were applied in order to compare the length of the resulting parsimonious trees. The 
analysis using simple and closest options, each yielded one tree with a length = 501; 
whereas the random option resulted a shorter tree with a length = 499. 
Since the random analysis yielded the shortest tree, 10 more analyses (100 random 
replicates each) were carried out to find more parsimonious trees. The analysis of 1000 
random replicates resulted in a shorter tree (TL = 498). That tree was used as the 
starting tree for the larger Heuristic search, to find all the available parsimonious trees, 
the (MULPAR) option was in effect to save all the resulting most parsimonious trees. 
The analysis generated 5200 equally parsimonious trees (the maxtrees setting was limited 
to 5200 trees). 
The majority-rule consensus tree was computed (Figure 5.8). This consensus tree 
showed many well supported clades, including some supported by all subsequent 
analyses, even those generated using IRREVERSIBLE-UP option. Examples of such 
clades include the A. amplexus-B. guaporensis Glade which comprises three genera, 
Abergasilus and Rhinergasilus share the apomorphy of the reduced leg 4 to a seta; 
Brasergasilus is clustered on this Glade and is specified by the loss of leg 4; G. bryconis- 
V. retrobarbatus Glade; and M smithae-P. subviridis Glade which is specified by the 
apomorphies of leg 4. E. celestis-E. cyprinaceus Glade is recognized by the posterior 
process on the antenna and is closely related to E. labracis-E. wareaglei Glade which 
also is defined by the same character. The Glade of Ergasilus species from Brazil, E. 
callophysus-E. yumaricus group which is characterised by the 2-segmented endopod of 
leg 4 and the Acusicola bryconis-A. spinuloderma clades are other examples, supported 
by all subsequent trees. The consensus tree shows that the genus Ergasilus is highly 
polyphyletic, since species of this genus are distributed on at least 30 separate clades, 
either represented by basal branches or occurring on other clades intermixed with other 
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taxa belonging to different genera. The unordered analysis identifies other genera, such 
as Paraergasilus and Dermoergasilus as apparently paraphyletic. 
B Irreversible-Up characters 
The following options were employed: 
Search = HEURISTIC; Stepwise Addition = SPAPLE, CLOSEST and 
RANDOM; Branch Swapping = Tree Bisection-Reconnection (TBR); Multiple 
Parsimonious Trees (MULPAR) = not in effect, this option permits saving one tree only, 
Character set = IRREVERSIBLE-UP. 
The simple and closest options, each resulted in one tree with length = 661. The 
analysis of 35 random replicates generated the shortest parsimonious tree with length = 
657. Since the analysis using the full irreversible-up character set required an enormously 
much longer time than that for the unordered characters, no further analysis was carried 
out at this stage. 
5.3.2 Analysis with reduced matrix, after excluding some characters 
In an attempt to speed up the analysis and to reduce the number of homoplasies, 
many characters in the original data matrix were excluded. Many of the characters 
relating to the setae and spines of the swimming legs have been excluded to reduce the 
convergent characters. Characters 2,5,9 were excluded because they had poor 
performance; character numbers 12,16,20,22 were excluded because they are 
uninformative. The characters relating to the swimming legs have been excluded, with 
the exception of characters: 25,27,33,35,41,52,67,73,76,83,85,86,91,92. Most 
of the characters retained concern segmentation of the legs. The setal characters are 
excluded because of the practical difficulty in identifying homologous setal elements in 
inadequate descriptions. The few setal characters retained include outer spines on 
proximal and middle exopodal segments and setae on second endopodal segments. These 
are generally more reliable in old descriptions. 
The reduction of the character set permitted a second grouping exercise, using 
the software package "Safe Taxonomic Reduction" (Wilkinson, 1995). Twenty three 
Ergasilus species were grouped in this second round and the resulting data matrix 
contains 124 species and 32 characters (Table 5.2, Appendix 5.2). 
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5.3.2.1 The additional grouped taxa in the second analysis: 
*28- Ergasilus versicolor group 
=3 8- E. megaceros, 46- E. caraguatatubensis 
*41- Ergasilus lizae group 
34- E. spatulus, 42- E. bahiensis, 58- E. latus, 61- E. inflatipes, 63- E. 
indistinctus, 101- E. yaluzangbus. 
* 65- Ergasilus brari group 
77- E. ogawai, 78- E. australiensis, 90- E. amplycephalus 
* 66- Ergasilusphilippinensis group 
67- E. borneonesis, 94- E. glyptothoracis, 95- E. hypomesi, 98- E. 
shehyangensis 
* 69- E. parvitergum group 
97- E. scalaris 
* 70- Ergasilus rostralis group 
71- E. uniseriatus 
* 73- Ergasilus sittangenesis group 
96- E. leiocassi 
* 83- Ergasilus sieboldi group 
85- E. hoferi, 100- E. xinjiangensis, 102- E. cochlearius 
* 91- Ergasilus anchoratus group 
103- E. lobus 
* 93- Ergasilus briani group 
88- E. fidiformis 
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5.3.2.2 Analysis using 124 species and 32 characters 
The matrix contains 124 species and 32 characters (Table 5.2, Appendix 5.2). 
The following PAUP options were applied: Search = Heuristic; Stepwise Addition 
sequence = Random; Branch Swapping = Tree Bisection-Reconnection (TBR); Multiple 
Parsimonious Trees (MULPAR) = not in effect, this option permits saving one tree only; 
Character Set = IRREVERSIBLE-UP, except for characters number 16,17,19 are 
UNORDERED, because they are multistate. 
The analysis was performed for 500 random replicates, the analysis resulted in 18 
equally parsimonious trees with length = 124 (Appendix 5.3). The analysis was carried 
out by Heuristic Search, using these 18 trees as the starting point, and the (MULPAR) 
option was in effect to find all the parsimonious trees. The analysis was interrupted due 
to the shortage of the computer memory, 22,596 trees were saved. The majority-rule 
consensus tree was computed (Figure 5.9). The character change list for this consensus 
tree is given in Appendix 5.4. 
The ingroup is defined by the lack of the maxilliped in female ergasilids (node 
195-194). The ingroup shows a basal dichotomy on the basis of two characters (chs. 14, 
15) the upper and inner claws of the antenna. 
Clade I: D. kasaharai-P. curtus is composed of seven genera and is supported by 
43 % of the trees. It comprises the taxa with two and three claws on the antenna and 
includes two component clades: 
i) Paraergasilus Glade: comprises all the species with three claws on the antenna, 
and is defined by the 5-segmented antennule (node 193-192). The P. lagoonaris-P. 
reductus group is defined by the presence of an outer membrane along the terminal 
endopodal segments of leg 1. The P. mimus-P. remulus Glade is defined by the loss of the 
inner proximal seta on the second endopodal segment of legs 2,3 and 4 (chs. 23,24,27). 
According to this topology, the posterolateral stylets arose independently on P. rylovi 
and P. mimus. 
ii) D. kasaharai-V. retrobarbatus Glade: includes all the species with two claws 
on the antenna plus V. retrobarbatus. This Glade is supported by 58 % of trees and 
is 
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defined by the papillate leg 5 lacking the lateral seta on the exopodal segment (node 193- 
189). This Glade is divided to two branches. D. kasaharai-T gasterostei branch is 
supported by 96 % of the trees and is defined by the 5-segmented antennule and by the 
loss of the inner claw of the antenna (node 189-186, chs. 9,15). The G. bryconis-V.. 
retrobarbalus branch is supported by all trees and is defined by the presence of 
posterolateral stylets on the cephalosome, by the loss of the upper claw of the antenna, 
by the possession of a 2-segmented endopod of leg 1, by the possession of 1-segmented 
exopod of leg 4, and by the loss of the inner proximal seta on the second endopodal 
segment of leg 4 (node 189-188, chs. 1,14,21,26,27). Within the latter branch, the 
Gamidactylus, Gamispatulus and Gamispinus group is specified by the presence of 2- 
segmented endopod on leg 4. Vaigamus retrobarbatus is separated from that group by 
the loss of the inner claw on the antenna (i. e. possessing the median claw only). 
Clade II: The enormous A. amplexus-N. brari Glade is composed of 19 genera 
and is specified by the loss of the upper and the inner claws of the antenna, i. e. it 
comprises all the taxa retaining only the middle claw on the antenna. This Glade is 
supported by 65 % of the trees (node 194-185, chs. 14,15). Clade II comprises the E. 
brari Glade and the major Glade A. amplexus-E. sieboldi Glade which is defined by the 
presence of outer spine on the second exopodal segment of leg 1 (node 185-184, ch. 19 
from 2 to 0). This Glade comprises: 
Branch A: The A. bryconis-E. sieboldi Glade is the largest Glade and is defined by 
the loss of lateral seta on the exopod of leg 5 (node 184-183, ch. 31). It comprises 14 
genera including many Ergasilus species. It is subdivided to five clades. 
Branch B: The A. amplexus-N. notopteri Glade, comprises five genera, in addition 
to many Ergasilus species. 
The subgroups within Branch A, the A. bryconis-E. sieboldi are: 
Ai- The E. sieboldi Glade represents six Ergasilus species and is clustered by itself 
(not 
showing any character changes). 
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Aii- The A. bryconis-E. rostralis Glade is defined by the loss of the outer spine on the 
second exopodal segment of leg 1 (node 183-182, ch. 19 from 0 to 2). 
Ain- The A. bryconis-P. parasiluri Glade is supported by 48 % of the trees and is defined 
by the papillate leg 5 (node 182-179, ch. 30). 
Aiv- The A. bryconis-E. bagarii Glade is supported by 37 % of the trees (node 179-177, 
not showing any character changes). 
Av- The A. bryconis-E. anchoratus Glade comprises two groups: 
Avi- The E. labracis-E. anchoratus, which comprises three subgroups: 
Avii- The A. bryconis-E. colomesus Glade, which comprises two subgroups 
Avi- The E. labracis-E. anchoratus, which comprises three subgroups: 
Avi. 1- The E. anchoratus Glade. (no changes) 
Avi. 2- The E. spinilaminatus-T. serrani Glade is supported by 41 % of the trees, 
it comprises the species of four genera plus Ergasilus species and is defined by the 5- 
segmented antennule. It comprises three clades: The Therodamas Glade is supported by 
all the trees and is defined by the presence of the preoral neck and by the fusion of the 
abdominal somites (node 174-173, chs. 5,7). Within that Glade, T. dawsoni-T. tamarae 
group is defined by the 2-segmented endopod of leg 1 (node 173-172, ch. 21). The 
Mugilicola-Teredophilus Glade is supported by all the trees and is defined by the loss of 
the inner proximal seta on the second endopodal segment of leg 4 (node 174-170, ch. 
27). The fusion of the third and fourth pedigerous somites to the cephalothorax, the 
presence of a postoral neck and the possession of 1-segmented exopod of leg 4 and of 2- 
segmented endopod of leg 4 define the Mugilicola-Paeonodes subsidiary Glade (node 
170-169, chs. 2,3) 4,26,28). The lack of leg 4 defines the Mugilicola group (node 168- 
167, ch. 25,0 to 2) but leaves Paeonodes as a paraphyletic group. E. spinilaminatus 
Glade was grouped with these clades because it shares the apomorphic 5-segmented 
antennule. 
Avi. 3- The E. labracis-E. wilsoni Glade is supported by 39 % of the trees and is 
defined by the presence of the posterolateral process on the antennal coxobasis (node 
175-166, ch. 10). E. celestis-E. tumidus Glade is supported by all the trees and is 
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specified by the loss of the inner proximal seta on the second endopodal segment of legs 
2 and 3 (node 165-164, chs. 23,24). Within that Glade, the E. celestis-E. plecoglossi 
group is defined by the loss of the inner proximal seta on the second endopodal segment 
of leg 4. E. wilsoni is the sister group of E. labracis-E. tumidus group, and is defined by 
the 5-segmented antennule. 
Avii- The A. bryconis-E. colomesus Glade is specified by the 2-segmented endopod of leg 
1 (node 176-161, ch. 21). It comprises the species of eight Brazilian genera, in addition 
to numerous Ergasilus species from Brazil. This Glade is supported by 47 % of the trees 
and shows two well supported subgroups: 
Avii. 1- The Brasergasilus-E. leporinidis Glade is supported by 87 % of the trees, 
and is defined by the 2-segmented endopod of leg 4 (node 158-157, ch. 28). Within this 
Glade the E. callophysus-E. yumaricus group is recognized by the modified outer distal 
seta on the terminal exopodal segment of leg 1 (node 156-155 ch. 20). The 
Brasergasilus-P. tarira Glade is supported by all trees and is defined by the loss of the 
inner proximal seta on the second endopodal segment of leg 4 (node 157-154, ch. 27). 
The Brasergasilus-E. iheringi Glade is defined by the presence of 1-segmented exopod of 
leg 4 (node 154-153, ch. 26). The Brasergasilus-R piranhus Glade is defined by the 
reduction of leg 4 to a seta (node 153-152, ch. 25 from 0 to 1). This apomorphy is 
convergently shared with A. amplexus. The Brasergasilus Glade is defined by the lack of 
leg 4 (node 152-15 1, ch. 25 multistate 1 to 2). According to the topology of Figure 5.9, 
both Brasergasilus and Mugilicola have independently lost leg 4. 
Avii. 2- The A. bryconis-P. bidentatus Glade is well supported by all the trees and 
is defined by the 5-segmented antennule (node 161-150, ch. 9). This Glade is 
trichotomous, with the Ergasilus euripedesi and Prehendorastrus bidentatus clades not 
showing any character changes. The third Glade comprises the taxa of three genera: 
Amplexibranchius, Acusicola, Miracetyma and is well supported by all trees. These 
genera are recognized by their characteristic interlocking ensheathed antenna with the 
modified second endopodal segment of the antenna (node 150-149, chs. 13,16,17). 
Miracetyma group is specified by the elongated rod-shape terminal endopodal segment 
of leg 1 (node 149-148, ch. 32). 
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Branch B- The A. amplexus-N. notopteri Glade. 
This Glade is supported only by 17 % of the trees and is defined by a character 
reversal-the presence of the outer spine on the second exopodal segment of leg 1(node 
184-147, ch. 19 from 2 to 0). This Glade comprises four clades: 
Bi- The Neoergasilus Glade is supported by all the trees and is specified by the recurved 
second endopodal segment of the antenna and by the presence of a process on the basis 
of leg 1 between the rami and by the modified outer spine on the second exopodal 
segment of leg 1 (node 147-146, chs. 11,18,19). 
Bii- The A. amplexus-E. acusicestraeus Glade comprises four basal clades: 
Bii. 1- The E. cunningtoni-E. acusicestraeus Glade is defined by the interlocking 
antenna (node 142-14 1, ch. 17). E. cunningtoni - E. mirabilis Glade is supported by 47 % 
of the trees and is specified by the modified second endopodal segment of the antenna. E. 
acusicestraeus is the sister group of E. cunningtoni group and is defined by the 
ensheathed interlocking antenna. 
Bii2- The E. kandti itself is represented by a polytomy and is defined by the 
possession of 5-segmented antennule. 
Bii3- The E. lizae group comprises ten species but did not show any character 
changes. 
Bii4- The A. amplexus-E. ludhianata Glade, within this Glade, the A. amplexus-E. 
monodi Glade is defined by loss of the inner proximal seta on the second endopodal 
segment of leg 2 (node 138-137, ch. 23). A. amplexus-E. barbi subgroup is found in 42 
% of the trees and is defined by the loss of the inner proximal seta on the second 
endopodal segment of leg 3 (node 137-136, ch. 24). Two main groups comprise this 
Glade: 
First, the D. amplectens-N. bora Glade, which is specified by the loss of the outer 
spine on the second exopodal segment of leg 1 and is found in 73 % of the trees. E. 
parabora-N. bora are closely related, this relationship being supported by 92 % of the 
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trees and defined by the loss of inner proximal seta on second endopodal segment of leg 
4 and by 2-segmented endopod of leg 4 (node 134-133, ch. 27,28). The D. amplectens- 
E. extensus is supported by 89 % of the trees and is defined by the ensheathed latching 
antennae (node 132-13 1, ch. 16,17). D. amplectens-D. mugilis group is defined by the 
presence of digitiform process on the caudal rami (node 131-130, ch. 8). E. extensus is 
the sister group for Dermoergasilus group, and is distinguished from that group by the 
loss of inner proximal seta on the second endopodal segment of leg 4 and by the 2- 
segmented endopod of leg 4 (chs. 27,28). 
Second, the A. amplexus-E. flaccidus group, which is found in 60 % of the trees 
and is defined by the loss of inner proximal seta on second endopodal segment of leg 4 
and by the loss of lateral seta on the exopod of leg 5 (node 136-128, chs. 27,31). 
Abergasilus amplexus Glade is defined by convergent characters, these characters are the 
recurved antenna, and the apomorphic reduction of leg 4 to a seta (chs. 11,25,26,28, 
29). 
5.4 DISCUSSION 
The phylogenetic analysis of the family Ergasilidae was performed by Amado et 
al. (1995) in order to determine the relationship between the Ergasilidae and the closely 
related Vaigamidae. Their analysis was based on the 24 type species (representing the 24 
valid genera recognized at the time) and their matrix included only 19 morphological 
characters. The family Anthessiidae was used as the outgroup. The characters used were 
concerned with antennule segmentation, antennal claws, metasomal somites, urosomal 
somites, endopodal segments of leg 1 and leg 4, the setae on the endopodal segments of 
legs 2 and 3. The analysis yielded four trees, one of which was chosen to represent their 
hypothesis of the phylogeny. The analysis demonstrated that the five Vaigamid genera 
Gamidactylus, Gamispatulus, Gamispinus, Vaigamus and Pseudovaigamus form a 
monophyletic group, based on the synapomorphic presence of the rostral spine and the 
retrostylets on cephalosome. They also recognized that Pseudovaigamus represents a 
separate genus from Vaigamus (clade VIII). Their tree (Amado et al., 1995: Figure 2) 
showed eight main clades: Paraergasilus, Diergasilus, Thersitina and Pseudoergasilus 
each form a generic Glade of their own (clades I, II, III, V) but the remaining 20 genera 
form four clades (Figure 5.10). 
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The largest Glade (VI) was composed of eight genera, Rhinergasilus, 
Brasergasilus, Abergasilus, Neoergasilus, Nipergasilus, Sinergasilus, Ergasilus and 
Dermoergasilus. The mesoparasitic forms Paeonodes, Mugilicola and Therodamas are 
clustered on the same Glade (IV) together with Teredophilus, grouped together on the 
basis of the loss of leg 5 (according to the present work, leg 5 is represented by 2 setae). 
The three Brazilian genera of Glade (VII), Amplexibranchius, Acusicola and 
Prehendorastrus, are defined by their 5-segmented antennule. 
The present analysis was designed to include all the taxa in each of the currently 
accepted 26 valid genera of the family Ergasilidae, because some genera are highly 
diverse and the type species can not represent this variation. For example, Ergasilus is a 
large genus representing nearly two-thirds of the taxa within the family, and its species 
display great variation: some species possess antennae with a posterior process on the 
coxobasis, some exhibit interlocking antennae, either ensheathed with a membrane, or 
naked, but with modified second endopodal segment; the segmentation of the swimming 
legs may also vary, some species possessing a 2-segmented first endopod or reduced 
rami of leg 4, (as in some Brazilian Ergasilus species). In addition, the number of the 
setae on the legs is also variable. Other genera as Mugilicola and Brasergasilus lack leg 
4, or it is represented by a seta, as in Rhinergasilus and Abergasilus. To take all these 
variations into account, all the available information given in the literature was 
considered, including the segmentation and setation of the swimming legs. The analysis 
was performed at the species level in order to examine the monophyletic, paraphyletic or 
polyphyletic of all the included genera. 
Before running the analysis, many species (mainly Ergasilus) were excluded 
because of insufficient information in available descriptions. The original data matrix 
contained 180 species and 96 characters. The taxa sharing identical character states were 
grouped as a first step in reducing the matrix size, and each group was referred to by a 
single species (ex: E. lizae group). The number of taxa was reduced from 180 to 147 
using the computer package "Safe Taxonomic Reduction". That grouping helped to 
reduce computing time and to improve resolution by removing of polytomies resulting 
from including taxa with identical character states. The data set used for the first analysis 
contained 147 taxa and 96 characters. 
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The first step of the analysis used all characters as unordered and used a Heuristic 
search, which is suitable for large data sets. The random option yielded a shorter tree 
than the simple and closest options. The tree was chosen as starting tree of the analysis, 
and the (MULPAR) option was in effect to find all the possible parsimonious trees. The 
analysis resulted in 5200 parsimonious trees (TL = 498), and the majority-rule consensus 
tree was calculated. The consensus tree showed some monophyletic groups as 
Brasergasilus, Gamidactylus group, Mugilicola, A. bryconis-A. spinulorlerma Glade 
(which include three genera), Therodamas and Neoergasilus, whereas other groups were 
paraphyletic, such as Paraergasilus, and Ergasilus was shown to be a polyphyletic 
taxon. 
It was obvious that Ergasilus was a problematic group. It appeared to be highly 
polyphyletic and it required more detailed characters to improve the resolution of its 
relationships. Unfortunately, the available published information descriptions are mostly 
inadequate and it was impossible to find more reliable characters. Since it is such a large 
genus, it was not possible to examine all the material. The problem of identifying 
homologous setal elements on the swimming legs was identified as a key factor reducing 
the resolution of the analysis. It was decided to exclude the equivocal setal characters 
from the analysis, whilst retaining those concerned with leg segmentation. The number of 
the characters was reduced to 32. A second phase of grouping of the taxa was then 
performed but only the Ergasilus species were grouped. Using the same software 
package, the grouping resulted in a final total of 124 species in the analysis. The reduced 
data set was more manageable, i. e. analysis required less computing time, and the 
exclusion of weak characters improved the overall quality of the matrix. Weak characters 
are defined as those that are difficult to observe (and thus are easily overlooked or 
misinterpreted in older descriptions) and those which are difficult to homologeis. 
Since the common evolutionary trend in copepods is towards the loss of elements 
and oligomerization, and since character reversal is apparently very rare in copepods 
(Huys & Boxshall, 1991), the final analysis was carried out using the irreversible-up 
character set only (excluding chs. 16,17,19 which are unordered because they are 
multistate). The results of the analysis, summarised in Figure 5.9, can be carefully 
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compared at the generic level with the scheme of Amado et al. (1995), reproduced here 
as Figure 5.10. 
In this analysis Glade (I) comprises all taxa with two or three claws on the 
antenna and is subdivided into: 
A. The Paraergasilus Glade, comprising all the species with three claws on the antenna. 
This is a monophyletic group, this Glade is equivalent to (Glade I) of Amado et al. (1995). 
B. The D. kasaharai-V. retrobarbatus Glade, comprising the species of six genera, five of 
which have two claws on the antenna. Within this group Diergasilus and Thersitina, 
both share the apomorphic lack of the inner antennal claw (i. e. they possess the upper 
and median claws) and the possession of a 5-segmented antennule. This grouping is 
supported by all the trees, and this result differs from Amado et al. (1995) where each 
genus is represented by a separate Glade (Glade II, III respectively) . 
Clade B also includes the former vaigamids which are well supported as a 
monophyletic by all trees. The three genera: Gamidactylus, Gamispinus, Gamispatulus 
are grouped on the same branch, sharing the 2-segmented endopod of leg 4 whereas V. 
retrobarbatus is the sister group. Pseudovaigamus is always separated from the 
vaigamids. It is clustered with the Brazilian taxa on Glade II (Figure 5.9) and defined by 
the presence of the retrostylets. Amado et al. (1995) found that the vaigamids including 
Pseudovaigamus spinicephalus formed a monophyletic group sharing the two 
apomorphies, the presence of retrostylets, and the rostral spine (Glade VIII). 
Clade II is branched to E. brari Glade and a main Glade comprises 19 genera. This 
Glade is branched to a major Glade (A) and a minor Glade (B). Clade (A) shows many 
robust branches within it, such as Mugilicola and Paeonodes which are grouped on the 
same Glade, sharing five apomorphic characters. Mugilicola is separated from Paeonodes 
by the loss of leg 4. Teredophilus renicola is their sister group. Therodamas is a separate 
monophyletic group. These four genera are clustered on a single Glade, together with E. 
spinilaminatus, on the basis of 5-segmented antennule, and this larger Glade is equivalent 
to Glade IV of Amado et al. (1995) excluding E. spinilaminatus which was not included 
in their analysis. 
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The Brazilian group (Avii) is a robust Glade and it includes all the Brazilian 
genera except the four genera formerly placed in Vaigamidae. It is defined by the 2- 
segmented first endopod and is divided to two groups: one comprising 
Amplexibranchius, Acusicola, Miracetyma, Ergasilus euripedesi and Prehendorastrus 
(this Glade is equivalent to Glade VII of Amado et al. (1995) except that Miracetyma was 
not published by that time), the other comprising Brasergasilus, Rhinergasilus, 
Ergasilus iheringi, Pindapixara (characterized by sharing the apomorphies for leg 4) and 
a large group of Ergasilus species. This Glade is well supported by all trees and is 
equivalent to the terminal part of Glade VI of Amado et al. (1995). It also shares the 
apomorphy of 2-segmented endopod of leg 4 with the E. callophysus-E. leporinidis 
Glade (which is supported by 97 % of the trees). 
Clade (B) comprised a well supported Glade, the genus Neoergasilus which is 
defined by three apomorphies: the recurved antenna, the process between the rami of leg 
1 and the large modified spine on the exopod of leg 1. The recurved antenna is a 
convergent character, shared with Abergasilus. According to Amado et al. (1995) 
Neoergasilus is closely related to the genera with reduced leg 4 (Abergasilus and 
Rhinergasilus) and the three-legged Brasergasilus (clade VI). This relationship is not 
supported in the present analysis and may be attributed to use of the type species N. 
japonicus (which has a secondarily reduced leg 4). 
(Bi) The African Ergasilus species defined by their interlocking antenna, E. 
acusicestraeus is their sister group and is related to this group by sharing the apomorphy 
of interlocking ensheathed antenna. 
(Bii) E. kandti is represented by a separate Glade and defined by the 5-segmented 
antennule. 
(Biii) E. lizae group (representing 10 grouped species) is forming a separate Glade by 
itself 
. 
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(Biv) This Glade is defined by the loss of the inner proximal seta on the second endopodal 
segment of leg 2, then the loss of the same seta on leg 3 defines two groups: D. 
amplectens-E. barbi and A. amplexus-E. f laccidus. ] 
Nipergasilus and E. parabora are closely related, sharing setal and segmentation 
characters on the endopod of leg 4. This Glade is supported by 92 % of the trees. It raises 
a major question concerning the validity of the genus Nipergasilus, as defined by body 
somite characters. Nipergasilus was treated as a valid genus by Amado et al. (1995). 
Dermoergasilus is a monophyletic group defined by the presence of the digitiform 
process on the caudal rami. It is closely related to E. extensus, sharing the apomorphies 
of the ensheathed interlocking antenna, this Glade is well supported by 89 % of the trees. 
The positioning of Ergasilus species, robustly on the lineage leading to Dermoergasilus 
confirms the polyphyletic nature of Ergasilus. 
The three species representing the genus Sinergasilus have been grouped in a 
Glade with the E. sieboldi group. Pseudoergasilus is paraphyletic: P. parasiluri is shown 
as a member of the E. parvitergum group, whereas P. zacconis would be placed in the E. 
briani group. According to Amado et al. (1995) Pseudoergasilus forms a distinct Glade 
and Sinergasilus is clustered with Ergasilus on a common Glade (VI). The validity of 
both of these genera and their affinity with the type genus Ergasilus needs to be verified. 
Eragsilus is massively polyphyletic (Figure 5.9), but the complex relationships of 
species placed in this genus could not be resolved here. E. sieboldi, the type species, but 
representing here a group of six species, is clustered as a separate branch. Other 
Ergasilus species appear in numerous places all through the various lineages of Glade II 
(the one antennal claw Glade). 
The present analysis is a preliminary attempt to resolve the phylogeny of the 
Ergasilidae. It provides an indicative idea about the diversity of lineages within the 
family. It also indicates that the key genus is Ergasilus, which currently contains at least 
two-thirds of the species of this family, but is clearly polyphyletic. The revision of this 
genus is vital and necessary before the validity of most other genera can be ascertained. 
Good redescriptions of all species will be required to enable such a phylogenetic study to 
337 
be completed. The difficulty of this task is compounded by the fact that in virtually all 
ergasilids, only the females are known. Basing phylogenetic studies and classification on 
one sex only is bound to be problematic. 
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Figure 5.1. The apomorphic characters of Ergasilidae. A, Gamispinus diabolicus (Ch. 1); 
B, Paraergasilus longidigitus (Ch. 1); C, Mugilicola kabatai (Chs. 2-6); D, 
Nipergasilus bora (Ch. 5); E, Therodamas fluviatilis (Ch. 7). Scale bars in micrometres. 
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Figure 5.2. The apomorphic characters of Ergasilidae. A, Dermoergasilus 
longiabdominalis (Chs. 9,11); B, Therodamas fluviatilis (Ch. 10); C, Hemicyclops 
acanthophorus (plesiomorphic state of Ch. 12,13); D, Ergasilus (Ch. 12); E, Acusicola 
(Ch. 13). Scale bars in micrometres. 
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Figure 5.3. The apomorphic characters of Ergasilidae. A, Ergasilus luciopercarum 
(Ch. 14); B, Abergasilus amplexus (Ch. 15); C, Prehendorastrus bidentatus (Ch. 16); D, 
Gamispinusdiabolicus (Ch. 17); E, Acusicola pellonidis (Ch. 18); F, Paraergasilus 
longidigitus (Chs. 19-21); G, Paraergasilus dichotomus (Ch. 22). Scale bars in 
micrometres 
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Figure 5.4. The apomorphic characters of Ergasilidae. A, Dermoergasilus 
semiamplectens (Ch. 23); B, Ergasilus lamellifer (Ch. 23); C, Acusicola pellonidis (Ch. 
24); D, Neoergasilusjaponicus (Ch. 25); E, Miracetyma etimaruya (Ch. 96). Scale bars 
in micrometres. 
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Figure 5.5. The apomorphic characters of Ergasilidae. A, Leg 1 of Hemicyclops 
acanthophorus (Ch. 26-40); B, Ergasilus ecuadorensis (Ch. 35); C, Paraergasilus 
inflatus (Ch. 41). Scale bars in micrometres. 
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Figure 5.6. The apomorphic characters of Ergasilidae. A, Leg 3 of Hemicyclops 
acanthophorus (Ch. 42-90). Scale bars in micrometres. Scale bars in micrometres. 
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Figure 5.7. The apomorphic characters of Family Ergasilidae. A, Ergasilus parabora 
(Chs. 75,85); B, Paeonodes subviridis (Ch. 76); C, Neoergasilus japonicus (Chs. 76, 
86); D, Leg 5 of Hemicyclops acanthophorus; E, Leg 5 of Dermoergasilus 
semiamplectens (Chs. 91-95); F, Leg 5 of Acusicola pellonidis (Ch. 91). Scale bars in 
micrometres. 
345 
Majc y rufe 
acanthomor s 
a mae rus 
uranr 
=1 IS" Drams 
gua x en 
henry 
bryCOntS 
Ier uerl9S 
IatxIctb 
retrobarmus 
tanra 
ai 
rs 
1 kabataa 
" owbosa 
obmbayensis 
iaounans 
nemaIc%rn 
SI rMn(bc 
-micas 
ZOO 
ianraas 
sproceprtalus 
auntus 
centrartMdarum 
5.8. The majority-rule consensus tree of 
5200 trees of Family Ergasilidae (using Figure 
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Figure 5.9. The majority-rule consensus tree of 22,596 trees of Family Ergasilidae 
(using 
32 irreversible-up characters, except unordered characters 16,17,19). 
Scale bars in 
micrometres. 
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8(1), 8(2) 
9(1), 14(1 
17(1) 
Paraergas lus Russia, Caspian Sea, 
China, Africa. Australia, 
Cambodia, India 
Diergasi/us Japan ýý 
Thersrtina Great Britain, III 
Caspian Sea. Canada. 
Pacific Coast of USA, 
Aleutian Islands 
Paeonodes N. Zealand, Africa 
1 
Mugihcola Australia, India, IV South Africa, Iraq 
Therodamas West Indies, 
Argentina, Panama, 
Uruguay, Brazil 
Teredophilus Nigeria 
Pseudergasilus Japan V 
Rhinergasilus Brazil (Amazonas) 
Brasergasilus Brazil (Amazonas) 
Abergasilus New Zealand 
Neoergasilus China, Japan, India 
VI 
Nipergasilus Japan, Israel 
Sinergasilus China, Russia 
Ergasilus World-wide 
Dermoergasilus Russia, Japan. Philippines 
India, Australia, Africa 
Amplexibranchius Peru, Brazil (Amazonas) 
Acusicola USA (Texas), Brazil, VII 
Guatemala 
Prehendorastrus Brazil (Amazonas) 
Pseudovaigamus Brazil (Amazonas) 
Vaigamus Brazil (Amazonas) 
Gamidactylus Brazil (Amazonas) 
Gamispatulus Brazil (Amazonas) 
Vill 
Gamispinus Brazil (Amazonas) 
Figure 5.10. Cladogram of the Ergasilidae. The Roman numerals refer to the clades 
discussed in the text (Amado et al., 1995). Scale bars in micrometres. 
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APPENDIX 5.1 
DISTRIBUTION OF CHARACTER STATES IN ERGASILIDAE 
(180 species and 96 characters) 
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APPENDIX 5.2 
DISTRIBUTION OF CHARACTER STATES IN ERGASILIDAE 
(124 species and 32 characters) 
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APPENDIX 5.3 
(18 parsimonious trees obtained from 500 random replicates) 
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E. sittangensis F. sttangensls 
E. brad E brart 
G. bryconls D. haml HE 
G. Saraquýensla T. gasterosle1 
G. diabalcus G. b 
V. retrobarbatus 
GWs 
D. kasaharat G. dlabolcus 
T gasterostel 
V. retrobarbefto 
P1amnutus oponer1s PP p 
a? = 
P. InftaWs 
P. Inflatus 
P. reductus 
P reduchis 
P. rylovl 
P. ryle l 
P. mimus 
p mlmus 
P. remulus 
p remulus 
P. dentatus 
p dentalus 
p curtus P. curtus 
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H. acarCiophorus 
A. amplexus 
E Want 
P. zacconls 
E ttaccidus 
D. ampledens 
D. acan4hopagr1 
D. coleus 
D. semlcdeus 
D. mugdls 
D. Intermedlus 
E. extensus 
N. 
boraa 
a 
E. mosulensts 
E. barbi 
E monofit 
E hidhtanata 
A. bryconfs 
A. tenax 
A. rogerf 
A. cunula 
A. lycengraulUs 
A. tucunarense 
A. peIbnKlis 
A- brasi6ensis 
A. paracunuta 
A. spinulosa 
A. rotunda 
A. sptnubdemia 
M. piraya 
M. kawa 
M. ellmaruya 
E. eurlpedesl 
P. blderdatus 
E spkdlamtnatus 
M. smlthae 
M. australlen s 
M. kabatal 
M. bulbosa 
M. bombayensis 
P. nemalormis 
P. lagunarts 
P. subvirldls 
T. renicda 
T. dawsonl 
L 
T. flwfatIlls 
T. elongatus 
T. tamarae 
T. serranf 
B. jaraquensis 
B. anodus 
B. oranus 
B. uaporensts 
R. $Iranhus 
E ihenngl 
P. tartra 
EEcalbptrysus 
ularlsrni 11 
E hydrdochus 
E. jaraquensis 
E urupaensls 
E. yumarlcus 
E leporlnldfs 
E. versicdor 
E chautauquanests 
P. spln$cephalus 
E labracts 
caenileus 
luciopercanxn 
E celestts 
E gibbus 
E goýblaum 
E pfrtl k 
E. tumidus 
E. nerkae 
E. auritus 
cyprtnaceus 
centrarchidarum 
E lanceolatus 
E turgidus 
E wareaglet 
cobmesus 
wilsonl 
E. anchoratus 
E ba I 
E phiippinensis 
E rotundtcorpus E. rostralis 
E. sittangensis 
E parvitergum 
P. paraslluff 
E sieboldl 
E. Iizae 
E kandtl 
E cunrr tont 
E lamellffer 
E mirabitis 
E megachelr 
E. acusicestraeus 
N. spinipes 
N. japonicas 
N. squalobarbl 
fero N. 
nottozeptepdwertsss 
N. iongtspirbsUS 
E brad 
G. bryconis 
FE V. ýý&ý 
V. relrobarbetus 
D. kasaharal 
T. gýasterosýtel 
p. 
m1nutus 
P. Inflatus 
P. reduchis 
P. " 
P. mtmus 
P. remulus 
P. dentatus 
P. curtus 
H. aC x XKMB 
A. amplexus 
E 
ýI 
r 
E us 
P zacconis 
D. an edens 
D senecoleus 
D. mug gis 
D. rderrnedus 
abom 
N. Dora 
E mosulensls 
E. bard 
E maicdl 
E Azae 
E kandl 
CLIIVWVOM 
E IameWler 
Em rabMls 
E ludhlana 
us 
E. slebddl 
N. splNpes 
N. {aponles 
N. squalobard 
N. lerozepurensis 
N. nobperl 
N. kngisspncsus 
A. bryconis 
A. tenax 
A. rogert 
A. cunula 
A. lycengraulldls 
A. tucunarense 
A. brasiýllensls 
A. paraamula 
A. splnulosa 
A. rotunda 
A. splnubdenna 
m. 
kplraya M. awa 
mebmaruya 
E eurtpedesl 
P bldentatus 
B. )araquensls 
B. anodus 
B. Drams 
B. guapaensis 
E 
drann9 k us he 
P. tartra 
E. chautauquanesls 
E. versicolor 
cobrnesus 
calbphysus 
E hypophthalmt 
E tnangularts 
E trydrdochus 
E laraquensls 
Iep nidls 
urupaensis 
E. yumaricus 
P. splnicephalus 
E labrads 
E caenileus E luciopercarum 
E. celestls 
E glbbus 
EE. goblmum 
E. pbssl s 
E tumidus 
E. nertcae 
E auritus 
cypdnaceus 
cenirarchldanim 
E lanceolatus 
E. turgidus 
E waresglel 
E 
=lei 
E pervrtergum 
P. parasrlurt 
E spinttaminatus 
M. smithae 
M. australfensls 
M. kabala) 
M. bulbosa 
M. bombeyensls 
P. nemalormis 
p. 
T. renicola 
T dawsonl 
T. Ilwlatllis 
T. tamarae 
T. elongatus 
T. serrani 
E. anchoratus 
EE pNippinensls 
E rýrrallls 
E stttangensts 
E brad 
D. kasakasaharal 
G. 
ha 
s 
e1 
a Ormsiensgs 
G. diabdlcus 
V. retrobarbatus 
p 
P. m Hutas 
P Inflates 
P redudus 
P mimes 
P remulus 
P dentatus 
P. curtus 
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APPENDIX 5.4 
(The majority-rule consensus tree presented in Figure 5.9 
showing the nodes and the character change list ) 
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------------------------------------------------------- H. acanthophorus 
/--- A. amplexus 
X125 
1--- E. briani 
/126 
I ------ E. megacheir 
/127 
I 1--------- P. zacconis 
f------128 
1------------ E. fI -ic: ides 
i--- D. amplectens 
II 
+--- D. acanthopagri 
II 
/129--- D. coleus 
+--- D. semicoleus 
/130 I 
/136 II1, --- D. intermedius 
IIIII 
/131 , ------ D. mugi 1 is IIIII 
/132 \--------- E. extensus 
IIII 
1------------ E. mosulensis 
/137 I /134 
f--- E. parabora 
IIIII 1---------133 
\135 ý, --- N. bora 
iII 
/-138 I ------------------- E. barbi 
IIiI 
1------------------------ E. monodi 
III 
--------------------------- E. 1udhianata 
I 
+------------------------------- E. 1izae 
/142 
+------------------------------- E. k. andti 
III 
III E------ E. cunningtoni 
II 
/140 /--- E. lamellifer 
I \139 
1-------------------141 1--- E. mirabi1is 
II 
---------147 --------- E. acusi'-e. traeu 
I 
I--------- N. spinipes 
IIII 
f--- N. japonicus 
/145 /143 
II \--- N. squaliobarbi 
\144 
\------ N. ferozepurensi 
`-------------------146 
+------------ N. longispinosus 
III 
------------ N. notopteri 
I 
------ A. bryconis 
II 
+------ A. tenax 
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i 
+------ A. rogeri 
+------ A. c1_4n 1_4l a 
+------ H. 11-41_2rigraul ildi 
_195 
/149 
f--------------- I 
IIII 
148--- 
I 
+--------- 
I 
--------- 
I r--- 
151 
III 
I r15ý 1, --- 
I 
/153 ------ II 
/-161 
/184 
/154 -,, --------- 
I 
. ------------ 
iI 
/157 
II 
115--- 
III 
III +--- 
IIII 
I ------15b +--- 
H. 
H. 
H. 
H. 
H. 
H. 
H. 
M. 
r1. 
M. 
E. 
P. 
B. 
B. 
B. 
B. 
R. 
E. 
P. 
E. 
E. 
E. 
E. 
E. 
E. 
tucunaren_e 
pellonidi= 
brasiiien=i- 
paracunu1a 
=pinulosa 
rotunda 
spinuloderma 
pirayci 
kawa 
etimaruya 
curipcdesi 
bidcntatus 
jaraquensi= 
anodes 
oranus 
guaporen=i= 
piranhus 
iheringi 
tarira 
ca 11ophysu. 
hypophthalmi 
triangulari= 
hydrolochus 
jarapuensis 
urupaeris is 
/158 
--- E. yumaricus 
IIII 
------ E. leporinidis 
III 
/159 +------------------ E. uersicclor 
IIII 
------------------ P. spinicephalus 
\150 I 
`--------------------- 
E. chautauquares 
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\------------------------ E. colomesus 
1 /185 
11 
/176 
/177 
/174 
fI 
i 
f---162 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
1abracis 
caeru 1 eras 
1 uc i opercarum 
nerkae 
auritus 
cyprinaceus 
centrarchidar 
II 
I +--- E. lanceolatus 
II 
+--- E. turgidus 
/155 \--- E. wareaglei 
r1--- E. celesti- 
I 
+--- E. gibbus 
/163 
+--- E. gobiorum 
---1FD1 
ý, --- E. plecoglossi 
\164 
+------ E. piriformu_ 
III 
II ------ E. tumidus 
II 
I ------------ E. wilsoni 
I--------------- E. 
I--- M. 
X1 7--- M. 
+--- M. 
iI /1138 \--- M. 
----------175 II +------ P. 
+174 /169 I 
1------ P. 
+170 \--------- P. 
------------ T. 
spinilaminatu 
smithae 
australiensis 
kabatai 
bulbosa 
bombayensi= 
nemaformis 
1agunaris 
subviridis 
renico1a 
j--- T. dawsoni 
I /171 
I \--- T. fluviatilis 
/172 
------ T. tamarae 
---173--------- T. elongatus 
I 
\--------- T. serrani 
------------------ E. anchoratus 
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/182 I 
1---------------- ------------------ E. bagarii 
X194 IIIII /--- E. parvitergum 
1------------------- ------------178 
I --- 
P. parasi luri 
--- E. philippinensi 
\183 I I 
I 
IIII 
/180--- 
II 
E. rotundicorpus 
1---------------------- 
II 
---------181 \--- E. 5ittangensis 
I ------ 
E. rostralis 
------------------ 
I 
------------------ E. sieboldi 
1------------------------------- ------------------ E. brari 
f--- D. kasaharai 
--- 1815 
1--- 
I 
T. gasterostei - 
I I /--- 0. bryconis 
/189 I 
I /187--- 
II 
0. jaraquensis 
diabolicus 
1------ 1J. retrobarbatus 
r--- P. lagaonaris 
-------------------------------------193 +--- P. minutus 
i19@ 
+--- P. inflatus 
ti5--- P. reductus 
+------ P. rylcc'i 
ý, ---192 /--- P. mimus 
+191 
I N--- P. remulus 
+------ P. dentatus 
titi------ P. curtus 
Character change lists: 
Character GI Steps Changes 
1 0.250 1 node-158 0 ==> 1 P. spinicephalus 
1 node-189 0 =_> 1 node-188 
1 node-192 0 =_> 1 P. ryloui 
1 node-191 0 =_> 1 P. mimus 
2 1.000 1 node-170 0 =_> 1 node-169 
3 1.000 1 node-170 0 =_> 1 node-169 
4 1.000 1 node-170 0 =_> 1 node-169 
5 1.000 1 node-174 0 =_> 1 node-173 
6 1.000 1 node-195 0 =_> 1 node-194 
7 1.000 1 node-174 0 =_> 1 node-173 
8 1.000 1 node-131 0 =_> 1 node-130 
0.100 1 node-128 0 =_> 1 E. flaccidu, 
1 node-142 0 =_> 1 E. kandti 
1 node-161 0 =_> 1 node-150 
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10 
11 
12 
13 
14 
15 
16 
17 
is 
19 
2a 
21 
22 
23 
24 
25 
2C 
0.333 
0.500 
0.500 
0.333 
0.500 
0.333 
0.400 
0.600 
1.000 
0.286 
1.000 
0.333 
1.000 
0.125 
0.125 
0.400 
0.200 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
node-164 0 ==> 
node-166 0 =_> 
node-175 0 =_> 
node-181 0 =_> 
node-189 0 =_> 
node-187 0 =_> 
node-1193 0 =_> 
node-150 0 =_> 
node-175 0 =_> 
node-180 0 =_> 
node-125 0 =_> 
node-147 0 =_> 
node-149 0 =_> 
node-187 0 =_> 
node-125 0 =_> 
node-141 0 =_> 
node-150 0 =_> 
node-194 0 =_> 
node-189 0 =_> 
node-194 0 =_> 
node-189 0 =_> 
node-188 0 =_> 
node-126 0 =_> 
node_132 0 =_> 
node-139 0 =_> 
node-141 0 =_> 
node-150 0 =_> 
node-126 0 =_> 
node-132 0 =_> 
node-1422 0--> 
node-141 1 --> 
node-150 0 =_> 
node-147 0 =_> 
node-195 0 --> 
node-185 2 --> 
node-135 0 =_> 
node-147 0 --> 
node-183 0 --> 
node-179 2 --> 
node-191 2 =_> 
node-156 0 --> 
node-176 0 =_> 
node-173 0 =_> 
node-189 0 =_> 
node-192 0 =_> 
node-138 0 -- > 
node-139 0 =_> 
node-165 0 =_> 
node-168 0 =_> 
node-173 0 =_> 
node-177 0 =_> 
node-180 0 =_> 
node-192 0 =_> 
node-137 0 =_> 
node-144 0 =_> 
node-152 0 =_> 
node-153 0 =_> 
node-165 0 =_> 
node-168 0 =_> 
node-173 0 =_> 
node-192 0 =_> 
node-125 0 =_> 
node-153 0 =_> 
node-152 1 =_> 
node-168 0 =_> 
node-125 0 =_> 
node-144 0 =_> 
Page 5 
1 E. piriformus 
1 E. wilsoni 
1 node-174 
1 E. rostrali 
1 node-1813 
1 G. diabol icus 
1 node_1 '?. 2 
1 E. colomesus 
1 node-1156 
1 E. rotundicorpu= 
1 A. amplex1_us 
1 node-146 
1 A. spinulodermci 
1 6. diabool icus 
1 E. megacheir 
1 node-140 
1 node-149 
1 node-185 
1 node-188 
1 node-185 
1 node-185 
1 V. retrobarbatus 
2 E. megacheir 
1 node-131 
2 E. lamellifer 
1 E. acusicestraeu 
1 node-149 
1 E. megacheir 
2 node-131 
1 node-141 
2 E. acusicestraeu 
3 node-149 
1 node-146 
node-194 
9 node-184 
2 node-134 
1 node-146 
2 node-182 
0 node-I'('::, 
0 P. mimus 
1 node-155 
1 node-161 
1 node-172 
1 node-188 
1 node-190 
1 node-137 
1 E. mirabilis 
1 node_164 
1 P. lagunaris 
1 T. serrani 
1 E. bagarii 
1 E. sittangensis 
1 node-191 
1 node-136 
1 N. ferozepurensi 
1 R. piranhus 
1 E. iheringi 
1 node-164 
1 P. lagunaris 
1 T. serrani 
1 node-191 
1 A. amplexus 
1 node-152 
? node-151 
2 node-16"r 
1 A. amplexus 
1 node-143 
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27 0.05' 
28 
29 
30 
31 
32 
0.125 
0.250 
0.333 
9.167 
1.000 
4: 21 pm 
1 node-154 0 =_> 1 
1 node-170 0 =_> 1 
1 node-189 0 =_> 1 
1 node-1315 0 =_> 1 
1 node-130 0 =_> 1 
1 node-131 0 =_> 1 
1 node-134 0 =_> 1 
1 node-138 0 =_> 1 
1 node-139 0 =_> 1 
1 node-145 0 =_> 1 
1 node-145 0 =_> 1 
1 node-157 0 =_> 1 
1 node-159 0 =_> 1 
1 node-152 0 =_> 1 
1 node-164 0 =_> 1 
1 node-174 0 =_> 1 
1 node-172 0 =_> 1 
1 node-173 0 =_> 1 
1 node-189 0 =_> 1 
1 node-192 0 =_> 1 
1 node-125 0 =_> 1 
1 node-131 0 =_> 1 
1 node-134 0 =_> 1 
1 node_146 0 =_> 1 
1 node-158 0 =_> 1 
1 node-163 0 =_> 1 
1 node-170 0 =_> 1 
1 node-188 0 =_> 1 
1 node-125 0 =_> 1 
1 node-143 0 =_> 1 
1 node-153 0 =_> 1 
1 node-159 0 =_> 1 
1 node-127 0 --> 1 
1 node-182 0 =_> 1 
1 node-193 0 =_> 1 
1 node-136 0 =_> 1 
1 node-129 0 =_> 1 
1 node-140 0 =_> 1 
1 node-144 0 =_> 1 
1 node-184 0 =_> 1 
1 node-193 0 =_> 1 
1 node-149 0 =_> 1 
Page 6 
node_153 
node_159 
node_183 
node-128 
0. mugili= 
E. exte rý lu= 
node_13= 
E. ludhianata 
E. mirabilis 
node-144 
N. notopteri 
node-154 
E. chautauquanes 
E. lanceolatus 
node-163 
node-170 
T. tamarac 
T. serrani 
node-188 
node-191 
A. amplexus 
E. extensus 
node-133 
node-14-51 
node-157 
E. plecoglos i 
node-1519 
node-187 
Ai . amp 1 e>: us 
N. j aponi': us 
node-152 
node-158 
node-126 
node-179 
node-189 
node-128 
D. co1eu-= 
node-139 
N. ferozepurensi 
riode_183 
node-139 
node-148 
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CHAPTER 6 
HOST-PARASITE RELATIONSHIPS 
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6.1 BIOGEOGRAPHY 
Biogeography is the study of the geographical distribution of organisms on the 
surface of the Earth. The main types of geographical distribution patterns of species are 
endemic, i. e. species are restricted to a single area (small or large), such as an island or 
mountain range; disjunct distributions in which a species occurs in widely separated 
areas; and cosmopolitan for the very few species of plants or animals that have a world- 
wide distribution. Ecological factors including a variety of climatic parameters may 
determine the boundaries of species distribution, i. e. the distribution range of a species is 
limited by its ecological requirements, such as temperature, light and salinity. The study 
of the distribution patterns has led to the development of two schools of thought about 
how they should be interpreted: dispersal biogeography and vicariance biogeography. 
The central hypothesis of dispersal biogeography is that species originate in a 
particular area or centre, and if successful, spread out from that area to colonize new 
habitats. The majority of plants and animals, even where the adults are sessile, have a 
phase within their life cycles when they are able to disperse and have the possibility of 
colonizing fresh territory. Aquatic animals such as copepods are transported either as a 
result of their activity, as resistant stages, or by passive dispersal by water currents, as, 
for example, are most copepods. 
Vicariance biogeography assumes that ancestral species were widely dispersed 
and that fragmentation of populations has taken place with the subsequent development 
of barriers, such as oceans, deserts or mountain ranges. Under such circumstances, the 
isolated populations diverge to form separate species. The vicariance biogeographers, 
whilst accepting that dispersal can take place, believe that the successful crossing of 
barriers is a rare event and that most species have evolved in situ rather than as a 
consequence of dispersal. Thus disjunct distributions are the result of reduction rather 
than extension of range. The vicariance hypothesis has been greatly strengthened by 
widespread acceptance of the theories of continental drift and plate tectonics. The 
geological record, however, also provides good evidence for dispersal, as does the 
distribution of organisms on to oceanic islands of volcanic origin. Undoubtedly, both 
dispersal and vicarience events have contributed to the present patterns of species 
distribution and to the evolution of those species (Turner, 1996) 
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6.2 RESULTS 
The geographical distributions of the host species of the family Mugilidae 
presented in this chapter are based on the revision of this family by Thomson (1997). 
The primitive mugilids of subfamily Agonostominae belong in four genera, 
Agonostomus Bennett, Joturus Poey, Cestraeus Valenciennes and Aldrichetta Whitley. 
Agonostomus comprises three species: A. monticola (Bancroft), inhabiting fresh 
waters of West Indies and American rivers from Florida to Venezuela and California to 
the Galapagos Islands (Figure 6.1a). A. catalai Pellegrin and A. telfairii Bennett 
inhabiting fresh water on the Comoro islands, Madagascar, Mauritius and Anjuan. The 
available samples of the latter two species did not harbour any Ergasilidae. Only A. 
monticola was infested by parasitic copepods. In total, 6.3% of the 253 A. monticola 
examined were infected by three new species of Ergasilidae: one belonging to Ergasilus 
and two belonging to the genus Acusicola. A. monticola from Guyana harboured E. 
parabahiensis (Figure 6.1 a), whereas A. monticola from Honduras, Juan Venas (Costa 
Rica), St. Lucia, Windward Islands, and Misantla (Mexico) were infested with A. 
spinuloderma. A single A. monticola from Mazatlan (Pacific Coast of Mexico) 
harboured a second species ofAcusicola, A. mazatlanesis (Figure 6.1 a). 
The second genus of the subfamily Agonostominae, Joturus is monotypic, 
comprising J. pichardi which inhabits fresh waters in the West Indies and Central 
America, from Florida (Atlantic coast) through Mexico (Pacific coast) to Panama (Figure 
6.1 b). A cusicolajoturicola was present on J. pichardi collected from Chiriuqui lagoon in 
Panama but absent on samples from Honduras and Costa Rica. A. spinuloderma 
occurred on J. pichardi from Panama and Honduras (Figure 6.1 b). 
The genus Cestraeus comprises two species, C. oxyrhynchus Valenciennes and 
C. plicatilis Valenciennes. Both inhabit fresh and brackish waters of the Indo-Australian 
Archipelago, New Caledonia, Fiji and the Philippines. Only one sample of C. plicatilis, 
from the Owen Stanley Range, Papua New Guinea, was parasitized by a species of 
Ergasilus, named here as E. acusicestraeus (Figure 6.1 c). 
The genus Aldrichetta is monotypic, comprising A. forsteri (Valenciennes) from 
South Australia and New Zealand. Two copepod species were recorded on this host; 
Ergasilus australiensis and a species of Paeonodes. E. australiensis was found on A. 
forsteri collected from Melbourne Market, Australia and from Hobart Town, Tasmania 
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(Figure 6.1 c). One damaged specimen of Paeonodes was removed from A. forsteri 
(unknown locality). 
The subfamily Mugilinae comprises ten genera. Some genera are confined to the 
Mediterranean and East Atlantic, such as Chelon; others to the Western Mediterranean 
and the Indo-Pacific, such as Oedalechilus. The genus Liza exhibits a wider distribution 
range, extending from the Mediterranean Sea, around the Western and Eastern coasts of 
Africa, eastwards to the Indo-West Pacific region and West Pacific (but not into the East 
Pacific or the West Atlantic). Other genera are restricted to the Indian and Indo-West 
Pacific regions, such as Myxus, Valamugil and Crenimugil. The genera Sicamugil and 
Rhinomugil are endemic to the freshwater rivers of India and Burma; whereas 
Chaenomugil is restricted to the East and Central Pacific. The genus Mugil exhibits a 
wider distribution range: some Mugil species are distributed in the Eastern and Western 
Atlantic and in the Eastern Pacific, but others exhibit more limited distribution ranges, 
except for M. cephalus which has a cosmopolitan distribution. 
6.2.1 Pacific and Indo-west Pacific region: 
1- Genus Myxus Günther, comprises three species: 
M. petardi (Castelnau) 
Distribution: Rivers of East Australia from Georges River in New South Wales to 
Burnett River in Queensland, usually in freshwater. 
It harbours Ergasilus extensus n. sp. from Hawkesbury River, N. S. W, Australia. 
M. capensis (Valenciennes) 
Distribution: S. Africa 
M. elongatus Günther 
Distribution: Coasts and estuaries of Australia. 
The examined specimens of the latter two species did not harbour Ergasilid copepods. 
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2- Genus Chaenomugil Gill, includes two species: 
C. proboscideus (Günther). 
Distribution: West Coast of America from Baja California to Peru. 
The 27 specimens examined from Panama, West Mexico, Nicaragua and Socorro islands 
(off the West Coast of Mexico) did not harbour any Ergasilidae. 
C. leuciscus (Günther) 
Distribution: Central Pacific islands, Hawaii and Samoa. 
Three specimens examined from Tahiti and the Loyalty Islands did not harbour any 
parasitic copepods. 
3- Genus Valamugil Smith, comprises seven species: 
V. cunnesius (Valenciennes) 
Distribution: Indian Ocean and West Pacific from Natal to Australia, Philippines and 
China. 
27 % of the examined hosts harboured six species of ergasilids representing four genera: 
two species of Dermoergasilus; D. longiabdominalis n. sp. from Philippines and 
Mangalore (India); and D. semiamplectens n. sp. from China. Two species of Ergasilus, 
E. parabora n. sp. from Orissa and Mangalore (India); Sind and Karachi (Pakistan); and 
E. rostralis from the same localities excluding Karachi. It also harbours Nipergasilus 
bora from Mangalore and Paraergasilus curtus n. sp. from the Philippines (figure 6.2a). 
Valamugil engeli (Bleeker) 
Distribution: Kenya, Red Sea, India, Indonesia, West Pacific to the Philippines, Tahiti 
and Guam. The given distribution of the host is extended to Sydney, since infected 
samples from that locality have been examined. The host range is extended northwards to 
South Japan and the host has been introduced to the Hawaiian Islands (personal 
communication, Ian Harrison). 
14% of the examined hosts were parasitized by two species of different genera; D. 
longiabdominalis from Philippines and Madagascar and Ergasilus orientalis from 
Sydney (Figure 6.2b). 
400 
Valamugil seheli (Forsskal) 
Distribution: Indo-Pacific from Natal to Samoa and Taiwan, Marquesas islands, north to 
Japan and Hawaiian islands, south to southern Queensland and New Caledonia. 
Only 9% of the examined Valamugil seheli were parasitized by three species of three 
different genera: Dermoergasilus longiabdominalis, Ergasilus parabora and 
Paraergasilus curtus from Sri Lanka (Figure 6.2c). Kabata (1992) found D. amplectens 
on the same host from the estuary of Serpentine Creek, Brisbane. Ho et al. (1992) 
recorded E. rostralis and D. amplectens from Veli Lake, Trivandrum, India (Figure 
6.2c). 
The examined material of the following three host species did not harbour any 
Ergasilidae: 
V. speigieri (Bleeker) 
Distribution: Pakistan to Indonesia and the NW coast of Australia. 
V. buchanani (Bleeker) 
Distribution: Indian Ocean to West Pacific, from Zanzibar to Raiatea and Society 
Islands. 
V. robustus (Günther) 
Distribution: Natal and Madagascar. 
V. georgii (Ogilby). This species was not deposited in NI IM collection 
4- Genus Crenimugil Schultz, contains two species: 
C. crenilabis (Forsskal) 
Distribution: The Indo-Pacific from Natal to Taiwan and Tahiti. 
Specimens of C. crenilabis were parasitized by Ergasilus acusicestraeus from the Jordan 
River, New Hebrides. 
C. hetrocheilus (Bleeker) 
Distribution: Indonesia to New Hebrides 
401 
The examined fishes did not harbour any Ergasilidae. 
6.2.2 Restricted to Rivers: 
5- Genus Sicamugil Fowler, comprises two species: 
S. hamiltoni (Day) 
Distribution: Rivers of Burma 
Ergasilus sittangensis and Dermoergasilus semiamplectens occurred on 88 % of the 
examined S. hamiltoni from Sittang River, Burma. 
S. cascasia (Hamilton Buchanan) 
Distribution: Ganges River 
S. cascasia harboured only Ergasilus pirifotmus n. sp. from Delhi and Calcutta (Figure 
6.3). 
6- Genus Rhinomugil Gill, comprises two species: 
R. squamipinnis (Swainson) 
Distribution: Ganges River and its tributaries to Burma. 
One individual only of the 19 examined fishes from India was infested by 
Dermoergasilus curtus. 
R. nasutus (De Vis). 
Distribution: Tropical Australia and southern coast of New Guinea. 
The examined fishes were not parasitized by Ergasilidae. 
6.2.3 Mediterranean Sea and Eastern Atlantic: 
7- Genus Chelon Artedi, comprises two species: 
C. labrosus (Risso) 
Distribution: Black Sea, the Mediterranean and Eastern Atlantic. 
402 
Only six hosts of the 393 fishes examined from the Mediterranean were parasitized by 
Ergasilus lizae (Figure 6.3). Nipergasilus bora was previously recorded on Chelon 
labrosus in many localities around the Mediterranean ( Ben Hassine, 1983). 
C. bispinosus (Bowdich). 
Distribution: Cape Verde Islands 
The examined fishes did not harbour any Ergasilidae. 
6.2.4 Mediterranean, Atlantic and East Pacific: 
8- Genus Mugil Linnaeus, contains 12 species: 
M. bananensis (Pellegrin) 
Distribution: West Coast of Africa from Senegal to Angola. 
M. bananensis were parasitized by four species of Ergasilus: E. indistinctus from 
(Sierra Leone); E. bananensis from Gold Coast, Ghana; E. paralizae from Lagos, 
Nigeria; Congo and E. congoensis from Congo (Figure 6.4). 
M. hospes Jordan & Culver 
Distribution: Western Atlantic from Key West to Brazil, and Eastern Pacific from 
Mexico to Ecuador. 
M. hospes harboured two species of Ergasilus, E. parabahiensis from Guyana and Rio 
de Janeiro, Brazil and E. ecuadorensis from Panama and Ecuador (Figure 6.4). 
M curema Valenciennes 
Distribution: M. curema exhibits a wide geographic range extending from West Coast of 
Africa from Gambia to the Congo, and Westwards along the Atlantic Coast of America 
from Cape Cod to Buenos Aires, and the Pacific Coast of America from Gulf of 
California to North Chile. 
M curema harboured seven species of Ergasilus, four species from west Africa: 
E. paralizae and E. congoensis from Lagos, Nigeria and Senegal; E. guyanensis from 
Lagos, Nigeria and Sierra Leone; and E. indistinctus from Senegal and Sierra Leone. M 
curema also harboured three species from the western Atlantic Coast: E. lizae from the 
403 
Gulf of Cariaco, Venezuela; English Harbour, Antigua; Guyana; Panama; Jamaica; 
Belize; Santos, Brazil; E. guyanensis and E. parabahiensis from Guyana. On the Eastern 
Pacific coast M. curema was infested by E. ecuadorensis (Figure 6.5). 
Mugil cephalus Linnaeus 
Distribution: Cosmopolitan, distributed in temperate to tropical seas, its distribution is 
confined to warmer waters bounded by the isotherm 15°C (Ingham, 1952 unpublished 
thesis) (Figure 6.6). 
M. cephalus harboured nine species belonging to six genera of Ergasilidae: 
Diergasilus, Dermoergasilus, Nipergasilus, Paraergasilus, Ergasilus and Therodamas. 
The species belonging to the first four genera occurred on M cephalus from the West 
Pacific, Indo-Pacific and Indian Oceans, Ergasilus was found on M cephalus from the 
Mediterranean, and from both coasts of the Atlantic. Therodamas found on hosts from 
South America (Figure 6.6). 
M. cephalus from Japan (Wakanoura and Tsu Shima respectively) harboured 
Diergasilus kasahairi. It was previously recorded on the same host by Do (1981) and by 
Ho & Do (1982) from Kojima Bay, Japan. It also harboured Nipergasilus bora from Tsu 
Shima, as was also reported by Do & Ho (1982) from Kojima Bay, Japan; and Ben 
Hassine (1983) from many localities in the Mediterranean (Figure 6.6). 
M cephalus from Japan (Wakanoura and Tsu Shima) and S. Africa were infested 
by Dermoergasilus amplectens. It was previously recorded on the same host from 
Okayama, Japan by Ho & Do (1982), and from the estuary of Tallebudgera Creek, South 
Queensland by Kabata (1992). D. mugilis occurred on Mugil cephalus from South 
Africa (Oldewage & van As, 1988). 
M. cephalus from N. S. Wales, Australia, harboured Paraergasilus dichotomus, 
whereas the same host from West Australia harboured P. curtus (Figure 6.6). 
M. cephalus from West Africa, harboured E. paralizae and E. congoensis from 
Lagos and Congo respectively. Mugil cephalus harboured E. lizae from many localities 
in the Mediterranean (Wilson, 1923, Paperna, 1964; Roberts, 1970, Raibaut & Ben 
Hassine, 1977; 1979; Braun, 1981; Ben Hassine, Braun & Raibaut, 1982, Ben Hassine, 
1983) and from the Gulf of Mexico (Wilson, 1935; Bere, 1936; Roberts, 1970). M. 
cephalus from S. Africa was infested by E. ilani (Oldewage & van As, 1988) (Figure 
6.6). 
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M cephalus from Rio Grande do Sul, Brazil harboured Therodamas fluviatilis 
and E. cyanopictus. M cephalus also harboured E. cyanopictus from Sao Paulo 
(Carvalho, 1962) 
The examined specimens of the following four species of Mugil did not harbour 
any Ergasilidae: 
M capurii (Perugia) 
Distribution: West Africa from Morocco, Senegal and Mauritania. 
M setosus Gilbert 
Distribution: American East Coast from Mexico to Panama. 
M thorbuni Jordan & Evermann 
Distribution: distributed in the Galapagos and from Guatemala to Peru. 
M curvidens Valenciennes 
Distribution: Bahia and West Indies. 
The following host species were not examined: 
M broussonetii Valenciennes 
Distribution: West Pacific. 
M incilis Hancock 
Distribution: Guyana, Surinam and Brazil. 
M liza Valenciennes 
Distribution: West Indies to Brazil. 
M trichodon Poey 
Distribution: West Indies and America from Florida to Pernambuco. 
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6.2.5 Mediterranean, East Atlantic, Indo-Pacific and West Pacific: 
9- Genus Oedalechilus Fowler, comprises two species: 
0. labeo (Cuvier) 
Distribution: West Mediterranean to the Azores. 
The 109 examined fishes from several localities in the Mediterranean did not harbour 
Ergasilidae. 
0. labiosus (Valenciennes) 
Distribution: Indo-Pacific, Red Sea to the Philippines; not reported from African coasts 
outside the Red Sea; Melville Islands (North of Darwin) in Australian waters. 
The 22 fishes examined from several localities in the Red Sea were not parasitized by 
Ergasilidae. 
10- Genus Liza Jordan & Swain: 
Widely distributed in the Mediterranean, West Africa, East Africa, Indian and 
Indo-West Pacific, West Pacific, but not along the East and West coasts of America. 
Liza comprises 23 species, of the 13 species parasitized by members of the Ergasilidae, 
the parasites on the following five host species were examined: L. macrolepis, L. 
subviridis, L. parsia, L. vaigiensis and L. saliens. The published records of ergasilids on 
L. tade, L. abu (Ho et al., 1992, Ho et al., 1996); and on L. aurata, L. ramada and L. 
saliens (Ben Hassine, 1983) are included and figured. 
L. parsia (Hamilton Buchanan) 
Distribution: Coast of Pakistan and India. 
L. parsia was infested by D. semiamplectens in Calcutta, India; and E. rostralis from 
Madras and Calcutta (Figure 6.7). 
L. abu (Heckel): 
Distribution: Fresh water of Iran, Iraq and Syria. 
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It harboured five species belonging to four genera: Dermoergasilus varicoleiis, 
Ergasilus mosulensis Rahimo, 1982, Ergasilus rostralis, Mugilicola kabatai and 
Paraergasilus inflatus Ho, Khamees & Mhaisen, 1996 from Shatt Al-Arab River in the 
South of Iraq (Ho et al., 1996) (Figure 6.7). 
L. argentea (Quoy & Gaimard) 
Distribution: South shores of Australia from Moore River in Western Australia to 
Cardwell in Queensland. 
Dermoergasilus amplectens was found on L. argentea from Brisbane, Australia (Kabata, 
1992) (Figure 6.7). 
L. macrolepis (Smith) 
Distribution: Indo-Pacific from South Africa to Tonga and Taiwan. 
L. macrolepis was infested by Paraergasilus curtus from Socotra, Yemen. Ho et al. 
(1992) recorded E. rostralis from Veli Lake, India. In Taiwan, L. macrolepis was 
infested with D. kasaharai (Lin & Ho, 1998) (Figure 6.8). 
L. aurata (Risso) 
Distribution: Black Sea, Mediterranean, Eastern Atlantic from Scotland to Cape Verde 
islands. Introduced into the Caspian Sea. 
L. aurata was infested by E. lizae and Nipergasilus bora from many localities around the 
Mediterranean (Braun, 1981, Ben Hassine & Raibaut, 1981, Ben Hassine, Braun & 
Raibaut, 1982, Ben Hassine, 1983) (Figure 6.8). 
L. subviridis (Valenciennes) 
Distribution: North Indian Ocean to West Pacific from Persian Gulf to North Australia, 
Taiwan and Samoa. 
It harbours six species of four different genera: E. magnicornis from Madras, E. rostralis 
from Madras and Calcutta, D. varicoleus from Calcutta, Orissa, Madras and Bombay, 
and D. semiamplectens from Calcutta. Two mesoparasites were found: Paeonodes 
subviridis n. sp. from Guam and Mugilicola bombayensis n. sp. from Bombay, India 
(Figure 6.9). 
407 
L. ramada (Risso): 
Distribution: Black Sea, Mediterranean, East Atlantic North of Cape Verde to North Sea 
and Baltic. 
Liza ramada was infested by E. lizae and Nipergasilus bora from many localities in the 
Mediterranean (Braun, 1981, Ben Hassine & Raibaut, 1981, Ben Hassine, Braun & 
Raibaut, 1982, Ben Hassine, 1983) (Figure 6.9). 
L. vaigiensis (Quoy & Gaimard) 
Distribution: Indo-Pacific from Natal to Tahiti. 
It harboured E. orientalis from Tahiti (Figure 6.10). 
L. saliens (Risso) 
Distribution: Black Sea, Mediterranean and introduced to the Caspian Sea. 
Nipergasilus bora was found parasitizing L. saliens from Lake Burullus, Egypt. 
Nipergasilus bora, had previously been recorded on L. saliens in the eastern 
Mediterranean (Ben Hassine 1983). E. lizae was recorded on L. saliens from Tunisia, 
France and Turkey (Braun, 1981, Ben Hassine & Raibaut, 1981, Ben Hassine, Braun & 
Raibaut, 1982, Ben Hassine, 1983) (Figure 6.10). 
L. Lade (Forsskal) 
Distribution: North Indian Ocean to West Pacific, from Red Sea to tropical Australia, 
New Hebrides and Philippines. 
It was infested by D. varicoleus and E. rostralis from India (Ho et al., 1992). 
Eight species of liza did not harbour Ergasilidae: 
L. alata (Steindachner) 
Distribution: Natal, Madagascar, North Australia, Tonga, Marquesas. 
L. carinata (Valenciennes) 
Distribution: Mediterranean Coast of Egypt, Suez Canal, Red Sea, Indian Ocean to 
Pakistan and India. 
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L. grandisquamis (Valenciennes): 
Distribution: West coast of Africa from Senegal to Nigeria. 
L. lauvergnii (Eydoux & Souleyet) 
Distribution: Coasts of North East Asia from Vladivostock to Macao. 
L. melinoptera (Valenciennes) 
Distribution: Indo-Pacific from Natal to Samoa and South China. 
L. parmata (Cantor) 
Distribution: West Pacific. 
L. tade (Forsskal): 
Distribution: North Indian Ocean to West Pacific, from Red Sea to tropical Australia, 
New Hebrides and Philippines. 
L. tricuspidens (Smith) 
Distribution: South Africa from Angola to Durban. 
One species was not represented in the N HM collection. L. luciae (Penrith & Penrith). 
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6.3 HOST SPECIFICITY 
Host specificity refers to the level of restriction of a particular species of parasite 
to its respective hosts. It is universal although its degree differs among parasites. 
Parasites which infect a single host taxon or related taxa, are said to exhibit a 
phylogenetic host specificity. Even parasites with a wide host range always show certain 
host preferences, but these preferences are usually determined by the ecological 
requirements of the host. Such parasites are said to exhibit an ecological host specificity 
(Rhode 1993). That means two kinds of specificity may be recognized: (a) phylogenetic 
specificity resulting from "conjugate evolution", when related parasites occur on related 
hosts, (b) ecological specificity when related parasites occur on unrelated hosts sharing 
a common habitat (Llewellyn, 1982). 
Host specificity is concerned with the predilection of a parasite species for one or 
a few species of host or hosts (Cressey, Collette & Russo, 1980). A parasite found on 
one host exhibits a higher level of host specificity whereas one found on several 
unrelated hosts exhibits a low level of specificity. In an alternative system, Holmes 
(1979) referred to heavily infested hosts, occasionally, and rarely infested hosts as 
required hosts, suitable hosts, and unsuitable hosts, respectively. 
6.3.1 Acusicola 
The three new species of Acusicola recorded during the present work occurred 
on two host species. A. spinuloderma was found on Agonostomus monticola from many 
localities in the West Indies, Central America and Mexico (prevalence = 5.1 %), and on 
Joturus pichardi from Central America. A. joturicola was found only on Joturus 
pichardi from Panama; and A. mazatlanesis occurred only on A. monticola in West 
Mexico. 
The previously known ten species of Acusicola occurred on hosts belonging to 
five families of Amazonian fishes, but none of them occurred on grey mullet. A. cunula 
and A. rogeri occurred on hosts of the family Belonidae (needlefishes) from Brazil and 
Guatemala respectively; A. paracunula was recorded on hosts belonging to the same 
family plus the Clupeidae (herring) from the Amazon. A. tenax was found on two hosts 
belonging to the families Belonidae and Centrarchidae from Guatemala and Texas, 
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respectively. A. lucunarense occurred on a host of the family Cichlidae from Manaus, 
Brazil. A. pellonidis and A. brasiliensis parasitized hosts of the family Clupeidae from 
Brazil. A. rotunda, A. spinulosa and A. lycengraulidis utilized hosts of family 
Engraulidae from many localities in the states of Amazonia and Parana, Brazil (Figure 
6.11). The genus exhibits a low level of host specificity. 
6.3.2 Diergasilus 
During the present work, a total of 35 Diergasilus was recorded from the 
posterior part of the opercular cavities of four small M. cephalus collected from Japan 
(representing 1% only of the 338 M. cephalus examined), with standard length 6.5-8.5 
cm. 
Do (1981) found 128 females from the branchial cavities of four M. cephalus 
from Kojima bay, Japan. It also caused mass mortality for Borneo mullet Liza 
macrolepis and Milkfish Chanos chanos from a fish farm in Taiwan (Lin & Ho, 1998). It 
seems that grey mullet is an important and favoured host for Diergasilus. 
6.3.3 Dermoergasilus 
Five species of Dermoergasilus were recorded on hosts from the Indo-West 
Pacific region, three of which were new. Dermoergasilus attach by using their fleshy 
antennae to encircle the distal part of the gill filaments of their hosts, either on the outer 
or inner surface of the hemibranchs. 
D. longiabdominalis n. sp. was found on three species of Valamugil; on two 
specimens of V. engeli from Philippines and from Madagascar; (prevalence 0.04 %, SL 
12 cm, 3.5 cm respectively). It occurred also on two specimens of V. cunnesius (10-14 
cm SL) from the Philippines and Mangalore, India (Figure 6.12). and on three V seheli 
from Sri Lanka (6 cm SL). 
D. semiamplectens n. sp. was recorded on four host species belonging to three 
genera of grey mullet: 30 females were found on 77 % of the examined Sicamugil 
hamiltoni from Burma (10-10.7 cm SL); on one small specimen of Valamugil cunnesius 
from China (SL =6 cm), on one Liza subviridis (5.5 cm SL) and one Liza parsia (10.5 
cm SL) from Calcutta, India. 
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A single D. curtus n. sp. was found on Rhinomugil squamipinnis (9.5 cm SL) 
from Alahabad, India (Figure 6.12). 
A total of 30 female D. amplectens was present on 3% of the examined M. 
cephalus (5.5-14 cm SL) from Japan and S. Africa ( 9.5 cm SL). 
D. varicoleus occurred on 14% of the examined L. subviridis (4-10.5 cm SL) 
from Calcutta, Orissa, Madras and Bombay (Figure 6.12). 
D. amplectens was recorded on M cephalus in the present work but recorded 
previously on other grey mullet, in addition to M cephalus (from Japan): including Liza 
argentea, Valamugil seheli and M cephalus from Australia (Kabata, 1992); and on grey 
mullet, Valamugil seheli and hosts of other families Etroplus maculatus (Cichlidae); 
Gerres steifer (Gerreidae), Hyporamphus xanthopterus (Hemiramphidae), Chanos 
chanos (Chanidae); and Megalos cyprinoides (Megalopidae) from India (Ho et al., 
1992). 
D. varicoleus was recorded on Liza subviridis in the present work, but it was 
recorded previously on other two other grey mullet, Liza tale and Liza abu, from India 
and Iraq, respectively (Ho et al, 1992, Ho et al, 1996). D. mugilis was already recorded 
from M. cephalus from S. Africa (Oldewage & van As, 1988). 
The remaining Dermoergasilus species occurred on other host families. Three 
species from Australia were reported on different families of coastal fishes: D. 
intermedius occurred on hosts belonging to the Plotosidae, Clupeidae and Percichthyidae 
(Kabata, 1992). D. acanthopagri was found on Sparidae (bream) (Roubal, 1981) and D. 
semicoleus was found on one species of the family Belonidae (needlefish) (Cressey & 
Collette, 1970). D. coleus was known from three host species of Belonidae from the 
Philippines (Cressey & Collette, 1970) (Figure 6.12). 
Dermoergasilus species are known to utilize 11 different host families. Such a 
wide range of hosts reflects a low degree of host specificity at the family level. 
Dermoergasilus occurred on Mugilids in the Western Pacific (Russia, Japan), Indo- 
Pacific (Philippines, Australia) and Indian Oceans (Burma, India, S. Africa) (Figure 
6.12). 
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6.3.4 Ergasilus 
Ergasilus is the most common genus present on mugilid hosts. In the present 
work 18 Ergasilus species were found on grey mullet, of which five species had 
previously been recorded on other hosts. Only three species occurred on both grey 
mullet subfamilies Mugilinae and Agonostominae: E. parabahiensis, E. acusicestraeus 
and E. australiensis. 
E. parabahiensis occurred on Agonostomus monticola from Guyana and its 
prevalence was 0.8 %. Females occurred on small fish (3.6 and 3.9 cm SL), in the middle 
part of gills and attached by grasping the filaments of first and second gill arch. It was 
also found on M. hospes and on 4% of Mugil curema, (SL = 6.5-12 cm) collected from 
Guyana. 
E. acusicestraeus was recorded from two host species. It occurred on Cestraeus 
plicatilis (subfamily Agonostominae) from Papua New Guinea, with a prevalence of 
33%. Copepods were attached to the anterior half of the second and third gill arches. It 
also occurred on Chelon crenilabis (subfamily Mugilinae) from the New Hebrides. 
E. australiensis was found on Aldrichetta forsteri (subfamily Agonostominae) 
collected from Melbourne Market, Australia and from Hobart Town, Tasmania. The 
prevalence was 6.4%. The copepods occurred on the third and fourth gill arches, 
attaching towards the base of the gill filaments. This copepod had previously been 
recorded on Acanthopagrus australis of the family Sparidae (bream), in New South 
Wales (Roubal, 1981); and on Toxotes chatareus from Queensland, Australia (Kabata, 
1992). 
The present records of Ergasilus on Mugilid hosts are presented in Table 6.1. 
Some Ergasilus species might occur on more than one host species belonging to the 
same genus. For example, E. indistinctus, E. paralizae and E. congoensis all occur on 
two species of Mugil, M. curema and M bananensis. Other Ergasilus occurred on two 
hosts belonging to different genera from both subfamilies, such as E. parabahiensis, E. 
australiensis and E. acusicestraeus. 
The previously recorded E. cyanopictus was found on M cephalus (Carvalho, 
1962) and E. rostralis was previously recorded on the mugilid hosts L. tade, L. 
macrolepis and V.. seheli (Ho et al., 1992). E. orientalis was recorded previously on 
Acanthogobius flavinianus (Temminck & Schlegel), family Gobiidae, and on 
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Hypoatherina valenciennei (Bleeker) (as Atherina bleekeri), family Atherinidae 
(Yamaguti, 1939) and on needlefish (Cressey & Collette, 1970). E. magnicornis was 
recorded on two species of family Cyprinidae: Carassius auratus and Cyprinus carpio 
(Yin, 1949, Kuang & Qian, 1991) 
E. lizae is a cosmopolitan species and its type host was M curema. Since its 
discovery it has been recorded on 16 host families, other than the Mugilidae (Figure 
6.13). 
Table 6.1. Ergasilus species recorded during the present work, their hosts and localities. 
Ergasilus species. Host locality 
E. parabahiensis A. monticola, M curema, 
M hospes 
Guyana 
E. acusicestraeus Cestraeus plicatilis, 
Crenimugil crenilabis 
Papua New Guinea 
New Hebrides 
E. australiensis Aldrichetta forsteri 
Acanthopagrus australis 
(Sparidae) 
Toxotes chatareus 
Melbourne, Tasmania 
N. S. W, Australia 
N. S. W, Australia 
E. extensus Myxus petardi Hawkesbury R., N. S. W, Australia 
E. sittangensis Sicamugil hamiltoni, Sittang R. Burma 
E. piriformus Sicamugil cascasia Calcutta and Delhi 
E. indistinctus M curema 
M bananensis 
Senegal and Lagos 
Sierra Leone 
E. parabora Valamugil cunnesius Orissa, Sind, Karachi, Mangalore 
E. ecuadorensis M curema, M hospes Ecuador 
E. cyanopictus M cephalus Sao Paulo, Brazil 
E. magnicornis Liza subviridis Madras 
E. rostralis L. subviridis 
L. parsia 
V cunnesius 
Madras, Calcutta 
Madras, Calcutta 
Sind, Orissa, Mangalore 
E. orientalis V engeli 
L. vaigiensis 
Sydney, Australia 
Tahiti 
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E. lizae C. labrosus, M curema Mediterranean, E., W. Atlantic 
E. bananensis M bananensis Gold coast, Ghana 
E. guyananesis M curema Guyana 
E. paralizae M bananensis, M curema, 
M cephalus 
Lagos, Congo; Lagos, Senegal 
E. congoensis M bananensis, M curema, 
M cephalus 
Congo; Senegal, Lagos 
6.3.5 Paraergasilus 
Paraergasilus were recorded during the present work from four host species 
belonging to three genera of Mugilidae, in the Indian and Indo-West Pacific. P. curtus 
was found on M. cephalus (West Australia), Liza macrolepis (Socotra), Valamugil 
cunnensius (Philippines) and V. seheli (Sri Lanka), In contrast P. dichotomus occurred 
only on M cephalus (Eastern Australia) (Figure 6.14) 
Other known Paraergasilus species have been recorded mainly on fresh and 
coastal water fishes. The four Paraergasilus species recorded in China were found 
mainly on fresh water hosts belonging to the family Cyprinidae. P. brevidigitus was 
recorded on 11 host species of Cyprinidae (Yin, 1954), and on five species of Cyprinidae 
and one species of family Siluridae from India (Reddy & Kasaiah, 1994). Similarly, P. 
longidigitus has been found on 12 species of Cyprinidae and on other three host species 
belonging to the families Siluridae, Moronidae and Channidae from China (Yin, 1954), 
and on the Bagridae and Cyprinidae from Japan (Do, 1982). P. medius was found on 
four species of Cyprinidae (Yin, 1956) and P. mimus was found on one host of Bagridae 
(Yin, 1962). 
Two other species of Paraergasilus from India also occurred on freshwater 
fishes, P. reductus on five species of Cyprinidae (Reddy & Kasiah, 1994), and P. 
dentatus on one species of Gobiidae (Ho et al., 1992). 
In Cambodia, P. remulus was found on one host species of the coastal family 
Belonidae (Cressey & Collette, 1970). P. acanthopagri was found on another coastal 
water fish, belonging to family Sparidae 
from Australia (Roubal, 1981). The two new 
species P. curtus and P. dichotomus, were recorded on coastal mugilids 
from the 
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Philippines and Australia, in addition to P. inflatus from Iraq (Ho et at, 1996) (Figure 
6.14). 
In the Indian Ocean and the Eastern Atlantic regions, Paraergasilus occurred on 
freshwater fishes. In Lake Nyasa P. minutus occurred on only two host species of one 
family, the Cichlidae (Fryer, 1956). In Lake Volta, Ghana P. lagoonaris was found on 
four hosts of three freshwater families, the Cichlidae, Cyprinodontidae and Gobiidae 
(Paperna, 1969). 
It is obvious that the genus Paraergasilus exhibits low specificity at the family 
level, since it has parasitized a total of 11 host families. Paraergasilus utilized more than 
20 species of Cyprinidae, reflecting the low specificity at the species level within the 
family Cyprinidae. In eastern Asia, Paraergasilus utilizes five families of freshwater 
fishes as hosts, whereas in the Indo-Pacific region it utilizes coastal fishes such as 
Mugilidae, Belonidae and Sparidae. 
6.3.6 Nipergasilus 
Nipergasilus has been recorded only from hosts of the family Mugilidae. It 
occurred on six host species belonging to four different genera of mugilids: M. cephalus 
from Japan (present work, Yin, 1956; Ho & Do, 1982), V. cunnesius from India, L. 
saliens from Egypt, and L. aurata, L. ramada and Chelon labrosus in the Mediterranean 
(Paperna & Lahav, 1971, Raibaut & Ben Hassine, 1979, Ben Hassine, 1983, Braun, 
1981, Radujkovic, 1982). 
6.3.7 Therodamas 
Therodamas species have been reported from five different host families, in 
addition to the Mugilidae. Therdamas fluviatilis was found during present work on M 
cephalus from Brazil, but had previously been recorded on Characidae from Argentina 
(Paggi, 1976) (Figure 6.15). T. dawsoni occurred on Dactyloscopidae from Panama 
(Cressey, 1972). T elongatus and T. tamarae were found on Sciaenidae from Brazil 
(Thatcher, 1986; Amado & Rocha, 1996). T sphyricephalus was reported on 
Carangidae from Uruguay (Thomsen, 1949). T serrani was recorded from the Caribbean 
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on Serranidae (Kroyer, 1863), and on the Carangidae from Uruguay (Thomsen, 1949), 
plus a Mugil sp. from Brazil (Carvalho, 1955). 
6.3.8 Mugilicola 
Four of the five Mugilicola species are recorded from hosts belonging to the 
Mugilidae. In India, M bombayensis n. sp. was found on Liza subviridis from Bombay. 
M bulbosa was reported on two species of Mugilidae, L. parsia and L. Lade by Tripathi 
(1960). M kabatai was found on L. abu from Iraq (Ho et al., 1996). M smithae was 
recorded on four host species of mugilids: Liza alata, L. macrolepis, Myxus capensis 
and Valamugil seheli from South Africa by Kruger et al. (1998), in addition to the 
Anguillidae (Jones & Hine, 1978). M australiensis was recorded on a host of family 
Sillaginidae from Australia (Boxshall, 1986) (Figure 6.15). 
6.3.9 Paeonodes 
Paeonodes occurs on several host families. P. subviridis n. sp. was discovered on 
Liza subviridis from Guam. P. nematoformis was found on a Salmonidae from New 
Zealand (Hewitt, 1969). P. lagunaris was found on Tilapia melanotheron, family 
Cichlidae, from Ghana (van Banning, 1974) and P. exiguus occurred on species of family 
Verillidae, from an unknown locality (Wilson, 1944) (Figure 6.15). 
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6.4 COLONIZATION OF MUGILIDAE 
Of the nine genera of Ergasilidae so far reported on hosts belonging to the 
Mugilidae, Acusicola, Dermoergasilus and Paraergasilus have been chosen to analyse 
the phylogenetic relationships between the species of each genus in order to arrive at an 
estimate of the minimum number of times that grey mullets have been colonized as hosts. 
A series of cladistic analyses was performed. For each genus a data matrix based on 
morphological characters has been prepared. The analyses were performed using PAUP 
3.1 (see chapter 5) 
6.4.1 Acusicola 
The data matrix of Acusicola is based on 14 species (including the outgroup) and 
14 morphological characters (Table 6.2). 
6.4.1.1 Character set 
Ch. 1- First endopodal segment of antenna ornamented with spinules 
(Score 0= not expressed, 1= expressed) 
Comment: the derived state is expressed in A. spinuloderma, A. joturicola and A. 
mazatlanesis 
Ch. 2- Outer spine on first exopodal segment of leg 1 
(Score 0= present, 1= absent) 
Comment: the apomorphic state is expressed in A. tenax and A. tucunarense. 
Ch. 3- Outer spine on terminal endopodal segment of leg 1 
(Score 0= present, 1= absent) 
Comment: absent in A. rogeri, A. lycengraulidis and A. tucunarense 
Ch. 4- Outer terminal seta on distal endopodal segment of leg 1 
(Score 0= present, 1= modified to spine, 2= absent) 
Comment: absent in A. rogeri only. 
433 
Ch. 5- inner terminal seta on distal endopodal segment of leg 1 
(Score 0= present, 1= modified to spine) 
Ch. 6- Outer spine on first exopodal segment of leg 2 
(Score 0= present, 1= absent) 
Ch. 7- Distal outer spine on terminal exopodal segment of leg 2 
(Score 0= present, 1= absent) 
Ch. 8- Outer terminal spine on distal endopodal segment of leg 2 
(ScoreO = present, 1= modified to seta) 
Comment: only modified in A. rogeri and A. cunula 
Ch. 9- Outer spine on first exopodal segment of leg 3 
(Score 0= present, 1= absent) 
Ch. 10- Outer distal spine on termminal exopodal segment of leg 3 
(Score 0= present, 1= absent) 
Ch. 11- Second inner proximal seta on terminal exopodal segment of leg 4 
(Score 0= present, 1= absent) 
Comment: absent in A. rogeri and A. spinulosa 
Ch. 12- Outer spine on terminal endopodal segment of leg 4 
(score 0= present, 1= absent) 
Comment: the plesiomorphic state present only in A. spinulosa 
Ch. 13- Dorsal protopodal seta of leg 5 
(Score 0= present, 1= absent) 
Ch. 14- A deep depression present on proximal end of second endopodal 
segment of the antenna 
(Score 0= absent, I= present) 
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Comment: the depression is present in the three new species and in A. tenax. 
6.4.1.2 Cladistic analysis: 
The PAUP options that are employed in the following analysis are search = 
BRANCH AND BOUND, Character setting = IRREVERSIBLE-UP. 
The analysis produced four parsimonious trees. Tree length = 28, CI = 0.53, F value for 
tree 1= 156, tree 2= 156, tree 3= 180, tree 4= 168. 
The A. spinuloderma A. mazatlanesis Glade which comprises the three Acusicola species 
occurring on agonostomine grey mullet, is a robust Glade in all four trees (Figures 6.16, 
6.17). Trees 1&2 are the trees with the lowest F value. But tree number 2 has six 
characters with consistency index = 1, whereas tree 1 has five characters with CI = 1, 
therefore tree number 2 was chosen to represent the phylogenetic relationship of 
Acusicola. 
Tree number 2 (Figure 6.18): 
The ingroup is defined by the modified outer terminal seta on distal endopodal segment 
of leg 1 to a spine (node 24-23, ch. 4). The tree shows a basal dichotomy: 
Branch I: A. rogeri - A. lycengraulidis 
This Glade is defined by four characters: loss of outer spine on terminal endopodal 
segment of leg 1, inner terminal seta on distal endopodal segment of leg 1 modified to a 
spine, loss of distal outer spine on terminal exopodal segment of leg 2 and loss of outer 
distal spine on terminal exopodal segment of leg 3 (node 23-22, chs. 3,5,7,10) 
These characters are homoplastic since they appeared on many clades on branch II, due 
to convergence. 
A. rogeri - A. spinulosa are related on the basis of two apomorphies, the lack of a 
second inner proximal seta on the terminal exopodal segment of leg 4 and the lack of a 
dorsal protopodal seta (node 22-21, chs. 11,13). A. lycengraulidis is the sister group of 
A. rogeri-A. Spinulosa group. 
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Branch II: A. tenax - A. brasiliensis 
This Glade is defined by the loss of outer spine on distal endopodal segment of leg 4 
(node 23-20, ch. 12). This branch is an unresolved polytomy of four basal clades: 
Clade 1 A. brasiliensis 
No changes shown on the Glade 
Clade 2 A. pellonidis 
This branch is defined by the lack of the outer distal spine on the terminal exopodal 
segment of leg 3. 
Clade 3: A. cunula-A. rotunda 
This Glade is defined by the loss of the outer spine on the first exopodal segments of legs 
2 and 3 (node 20-19, chs. 6,9). The A. cunula-A. paracunula subclade is defined by the 
loss of the protopodal seta of leg 5 (node 19-18, ch. 13). A. rotunda is the sister group 
of A. cunula-A. paracunula Glade and is defined by the loss of the outer spine on the 
terminal endopodal segment of leg 1 and by the modification of the inner terminal seta on 
the distal endopodal segment of leg 1 to a spine (node 18-A. cunula, chs. 3,5). 
Characters 3 and 5 are convergent because they appeared also in A. tucunarense and on 
the A. rogeri-A. lycengraulidis Glade. 
Clade 4: A. tenax-A. mazatlanesis 
The presence of a deep depression in the second endopodal segment of the antenna, 
which is shared by this group defines this Glade (node 20-16, character 14). Within it the 
A. spinuloderma-A. mazatlanesis group is defined by two characters, the presence of 
spinules on the first endopoal segment of the antenna and the absence of an outer distal 
spine on the terminal exopodal segment of leg 3 (node 16-15, chs. 1,10). A. tenax is 
defined by the loss of the outer spine on the first exopodal segment of leg 1. A. tenax is 
the sister group for A. spinuloderma-A. mazatlanesis. 
The host summary cladogram is produced by colouring the names of the parasites 
according to their respective host families (Figure 6.19). The A. spinuloderma-A. 
mazatlanesis Glade occurred on Mugilidae, and it is inferred that their common ancestor 
colonized mugilids as a host group. The rest of Acusicola species occurred on five other 
host families, such as needlefishes, herrings and anchovies. Acusicola from mugilids is 
recorded from many localities in central America, species on other hosts are recorded 
from many localities in Brazil, mainly in the Amazonian region (Figure 6.11). 
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Tree number 1: 
/--------------------------------- A. tenax 
/----------------- A. cunula 
/-------I /-------- A. tucunarense 
-------I \-------- A. paracunula 
\------------------------- A. rotunda 
/----------------- A. pellonidis 
I---------------I /-------- A. spinuloderma 
A. joturicola 
/--------I I -------- A. maz3tlanesis 
III 
\--------------------------------- A. brasiliensis 
/-------- A. rogeri 
\-------- A. spinulosa 
----------------------- 
----------------- A. lycengraulidis 
-------------------------------------------------- H. acanthophorus 
Tree number 2: 
/----------------- A. tenax 
---------------ý /-------- A. spinulocierma 
A. joturicola 
\-------- A. mazatlanesis 
/----------------- A. cunula 
/-------ý /-------ý /-------- A. tucunarense 
-------ý \-------- A. paracunula 
\------------------------- A. rotunda 
--------------------------------- A. pellonidis 
\--------------------------------- A. brasiliensis 
/-------- A. rogeri 
--------ý II 
\-------- A. spinuloaa 
-------------- 
----------------- A. Iycengrau. Iidis 
-------------------------------------------------- 
H. acanthophorus 
Figure 6.16. Trees number 1&2 of Acusicola obtained from the Branch and Bound 
Analysis. 
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Tree number 3: 
/--------------------------------- A. tenax 
/----------------- A. cunula 
/-------I /-------- A. tucunarense 
\-------- A. paracunula 
\------------------------- A. rotunda 
II 
\--------------------------------- A. brasiliensis 
/-------- A. roger! 
\-------- A. spinulosa 
\----------------- A. Iycengraulidis 
i 
\---------------I /----------------- A. pellonidis 
\-------I /-------- A. spinuloderma 
\--------I-------- A. joturicola 
\-------- A. mazatlanesis 
-------------------------------------------------- H. acanthophorus 
Tree number 4: 
/----------------- A. tenax 
---------------ý /-------- A. spinuloderma 
i 
\---------------- A. joturicola 
\-------- A. mazatlanesis 
/----------------- A. cunula 
/-------ý /-------- A. tucunarense 
-------ý \-------- A. paracunula 
\------------------------- A. rotunda 
/--------ý \--------------------------------- A. brasiliensis 
/-------- A. roger! 
\-------- A. spinulosa 
\----------------- A. lycengraulidis 
--------------- 
------------------------- A. pellonidis 
-------------------------------------------------- H. acanthophorus 
Figure 6.17. Trees number 3&4 of Acusicola obtained from the Branch and Bound 
Analysis. 
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Tree number 2: 
/----------------- A. tenax 
/---4----------16 /-------- A. spinulodezma 
\-------15-------- A. joturicola 
i 
-------- A. mazatlanesis 
/----------------- A. cunula 
/--II---20 /------18 /------- A. tucunarense 
\-------17 
1--3---19 \-------- A. paracunula 
\------------------------- A. rotunda 
II 
II ---2----------------------------- A. pellonidis 
/-------23 I 
II \---1----------------------------- A. brasiliensis 
/-------- A. rogeri 
/-------21 
24 II \-------- A. spinulosa 
\--I-------------------22 
\----------------- A. lycengraulidis 
\-------------------------------------------------- H. acanthophorus 
Character change lists: 
Character 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
CI Steps 
1.000 1 
0.500 1 
1 
0.333 1 
1 
1 
1.000 1 
1 
0.333 1 
1 
1 
1.000 1 
0.500 1 
1 
0.500 1 
1 
1.000 1 
0.250 1 
1 
1 
1 
1.000 1 
0.333 1 
1 
1 
0.500 1 
1 
1.000 1 
Changes 
node 16 0 
node 16 0 
node 17 0 
node 17 0 
node 19 0 
node 23 0 
node 24 0 
node 21 1 
node 17 0 
node 19 0 
node 23 0 
node 20 0 
node 18 0 
node 23 0 
node 18 0 
node 21 0 
node 20 0 
node 16 0 
node 18 0 
node 20 0 
node 23 0 
node 22 0 
node 23 0 
node 21 0 
node 22 0 
node 19 0 
node 22 0 
node 20 0 =_> 
1 node 15 
1 A. tenax 
1 A. tucunarense 
1 A. tucunarense 
1 A. rotunda 
1 node_22 
1 node_23 
2 A. rogeri 
1 A. tucunarense 
1 A. rotunda 
1 node 22 
1 node 19 
1 node 17 
1 node_22 
1 A. cunula 
1 A. rogeri 
1 node 19 
1 node 15 
1 node_17 
1 A. pellonidis 
1 node_22 
1 node 21 
1 node 20 
1 A. rogeri 
1 A. lycengraulidi 
1 node 18 
1 node 21 
1 node 16 
Figure 6.18. Tree number 2, showing nodes and the character change list. 
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Figure 6.19. Distribution of host families of Acusicola. Mugilidae, Centrarchidae, 
Belonidae, Cichlidae, Clupeidae, and Engraulidae 
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6.4.2 Dermoergasilus 
The data matrix of Dermoergasilus is based on 11 species (including the 
outgroup), and 14 morphological characters (Table 6.3). 
6.4.2.1 Character set 
Ch. 1 Genital double-somite elongate 
(Score 0= not elongate, 1= elongate) 
Ch. 2 Inner seta on second endopodal segment of leg 1 
(Score 0= present, 1= absent) 
Ch. 3 Outer spine in first exopodal segment of leg 2 
(Score 0= present, 1= absent) 
Ch. 4. Second inner proximal seta on third exopodal segment of leg 2 
(Score 0= present, 1= absent) 
Ch. 5 Inner seta on first endopodal segment of leg 2 
(Score 0= present, 1= absent) 
Ch. 6 Outer terminal spine on third endopodal segment of leg 2 
(Score 0= present, 1= absent) 
Ch. 7 Outer spine on first exopodal segment of leg 3 
(Score 0= present, 1= absent) 
Ch. 8 Inner proximal seta on third exopodal segment of leg 3 
(Score 0= present, 1= absent) 
Ch. 9. Inner seta on first endopodal segment of leg 3 
(Score 0= present, 1= absent) 
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Ch. 10. Outer spine on first exopodal segment of leg 4 
(Score 0= present, 1= absent) 
Ch. 11. First abdominal somite longer than wide 
(Score 0= less or equal, 1= longer) 
Ch. 12 Membrane ensheathing the antenna 
(Score 0= poorly developed, 1= well developed) 
Ch. 13 Digitiform process on caudal rami 
(Score 0= less than twice as long as ramus, 1= more than twice as long as ramus) 
Ch. 14 Maxillped in female 
(Score 0= present, 1= absent) 
6.4.2.2 Cladistic analysis 
The PAUP options employed in the following analysis are; search = BRANCH 
AND BOUND. Character setting IRREVERSIBLE-UP. The analysis produced one 
Tree with length = 20, CI=0.7. 
The tree shows a basal unresolved quadrichotomy (Figure 6.20). The D. curtus 
and D. intermedius clades did not show any character changes. D. semicoleus Glade is 
defined by five convergent characters, including the lack of an inner seta on the first 
endopodal segment of legs 1,2 and 3, the lack of a second inner proximal seta on the 
third exopodal segment of leg 3, and the digitiform process on the caudal ramus is more 
than twice the length of the ramus (node 15-D. semiamplectens, chs. 2,4,5,9,13). 
The main Glade D. amplectens-D. semiamplectens, comprises the species which 
share the following three apomorphies, the length of genital-double somite and of first 
abdominal somite being greater than their width, and the presence of a well developed 
membrane ensheathing the antenna (node 15-14, chs. 1,11,12). D. curtus, D. 
intermedius and D. semicoleus lack these synapomorphies. Within this derived Glade the 
D. coleus-D. mugilis group is defined by lack of an outer spine on the first exopodal 
segment of leg 2, the lack of a second inner proximal seta on the third exopodal segment 
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of leg 2, the lack of an outer terminal spine on the third endopodal segment of leg 2, the 
lack of an outer spine on the first exopodal segment of leg 3, and the lack of an outer 
spine on the first exopodal segment of leg 4 (node 14-13, chs. 3,4,6,7,8,10). The D. 
varicoleus-D. longiabdominalis group is defined by the digitiform process on the caudal 
ramus being more than twice as long as the caudal ramus (node 14-12, ch. 13). 
According to the tree topology, this apomorphy arose independently in D. coleus and D. 
semicoleus. 
The host summary cladograms of Dermoergasilus (Figure 6.20,6.21) indicate 
that five species of Dermoergasilus included in Glade IV occurred on Mugilidae (D. 
amplectens, D. varicoleus, D. longiabdominalis, D. mugilis and D. semiamplectens). 
The clustering in a single Glade suggests that their common ancestor may have already 
colonized mugilids. Indeed, the topology of the main phylogenetic tree (Figure 6.27) 
suggests that the common ancestor of a much larger Glade which includes 
Dermoergasilus, was found on mugilid hosts. This larger Glade comprises 
Dermoergasilus, Ergasilus extensus, E. mosulensis, E. parabora and Nipergasilus bora, 
all of which occur primarily on mugilid hosts. The Dermoergasilus species, such as D. 
acanthopagri and D. coleus, which occur on other families of coastal fishes (e. g. 
Sparidae and Belonidae) must have secondarily switched hosts from mugilids to these 
other families. Dermoergasilus occurred on 11 different host families. Such a wide range 
of hosts reflects a low degree of host specificity at the family level. 
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/----------------------- D. amplectens 
/------------ D. varicoleus 
I--IV-----12 
------------ D. longiabdominalis 
/----------14--III------------------ D. acanthopagri 
/------------ D. coleus 
I--II------13 
\------------ D. mugilis 
/---------15 \--I-------------------- D. semiamplectens 
II ----------------------------------- D. semicoleus 
-----------16 I----------------------------------- D. intezmedius 
II 
\----------------------------------- D. curtus 
---------------------------------------------- H. acanthophorus 
Character change lists: 
Character 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Figure 6.20. The parsimonious tree of Dermoergasilus obtained from the Branch and 
Bound analysis, and the character change list. 
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CI 
1.000 
0.500 
1.000 
0.500 
0.500 
1.000 
1.000 
1.000 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
0.333 
Steps 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Changes 
node 15 0 
node 13 0 
node 15 0 
node 14 0 
node 14 0 
node 15 0 
node 13 0 
node 15 0 
node 14 0 
node 14 0 
node 14 0 
node 13 0 
node 15 0 
node 14 0 
node 15 0 
node 15 0 
node 15 0 
node 16 0 
node 14 0 
node 13 0 
node 15 0 =_> 
1 node_14 
1 D. mugilis 
1 D. semicoleus 
1 node 13 
1 node 13 
1 D. semicoleus 
1 D. mugilis 
1 D. semicoleus 
1 node 13 
1 node 13 
1 node 13 
1 D. mugilis 
1 D. semicoleus 
1 node 13 
1 node 14 
1 node 14 
1 node 14 
1 node 15 
1 node 12 
1 D. coleus 
1 D. semicoleus 
/----------------------- D. amplect. (Pacific, Indopa. ) 
/------------ D. varicol. (India, Iraq) 
I---IV ----- 
\------------ D. longiabd. (India, Philip. ) 
----------- ----------------- D. acanthopagri (Australia) 
/------------ D. coleus (India, Philip. ) 
I l---II----- 
------------ D. mugilis (S. Africa) 
/--------- I \---I------------------- D. semiamplect. (India, Burma) 
I 
I ----------------------------------- D. semicoleus (Australia) 
I 
----------- I I----------------------------------- D. intermedius (Australia) 
\----------------------------------- D. curtus (India) 
---------------------------------------------- outgroup 
Figure 6.21. Distribution of host families of Dermoergasilus. Mugilidae, Sparidae, 
Belonidae and Clupeidae. 
/----------------------- D. amplectens 
/------------ D. varicoleus 
---------- 
------------ D. Ionglabdomi. nalis 
/-----------I----------------------- D. acanthopagri. 
/------------ D. coleus 
---------- 
------------ D. mugilis 
/--------- I \----------------------- D. semiamplectens 
II 
II ----------------------------------- D. semicoleus 
----------- I I----------------------------------- D. intermedius 
\----------------------------------- D. curtus 
\---------------------------------------------- Outgroup 
Figure 6.22. Distribution of other host families of Dermoergasilus. Mugilidae, 
Geraridae, Cichlidae, Hemiramphidae, Megalopidae, Chanidae, Sparidae, Belonidae, 
Plotosidae, and Pericithyidae. 
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6.4.3 Paraergasilus 
The data matrix of Paraergasilus is based on 15 species (including the outgroup) 
and 17 morphological characters (Table 6.4). 
6.4.3.1 Characters set 
Ch. 1- Posterolateral process on cephalothorax 
(Score 0= absent, 1= present) 
Comment: the apomorphic state is present in 5 species: P. rylovi, P. mimus, P. 
brevidigitus, P. longidigitus and P. medius. 
Ch. 2-Inner antennal claw branched 
(Score 0= simple, 1= branched) 
Comment: only P. curtus and P. dichotomus exhibit a branched inner claw. 
Ch. 3-Inner proximal seta on terminal exopodal segment of leg 1 
(Score 0= present, 1= absent) 
Comment: present only in P. lagoonaris. 
Ch. 4-Inner second proximal seta on terminal exopodal segment of leg 1. 
(Score 0= present, 1= absent) 
Comment: absent in P. inflatus, P. mimus and P. remulus. 
Ch. 5-Outer spine on terminal endopodal segment of leg 1. 
(Score 0= present, 1= absent) 
Comment: absent in P. lagoonaris, P. inflatus, P. minutus and P. reductus. 
Ch. 6-Inner proximal seta on terminal endopodal segment of leg 1 
(Score 0= present, 1= absent) 
Comment: absent only in P. lagoonaris and P. minutus. 
Ch. 7-Outer sheath around third endopodal segment of leg 1. 
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(Score 0= not expressed, 1= expressed) 
Comment: This apomorphy is present in P. lagoonaris, P. inflatus, P. minutus and P. 
reductus. 
Ch. 8-Outer spine on second exopodal segment of leg 2. 
(Score 0= present, 1= absent) 
Comment: present only in P. mimus. 
Ch. 9-Distal outer spine on terminal exopodal segment of leg 2. 
(Score 0= present, 1= absent) 
Comment: present only in P. mimus. 
Ch. 10-Inner proximal seta on second endopodal segment of leg 2 
(Score 0= present, 1= absent) 
Comment: the apomorphy is shared by P. mimus and P. remulus. 
Ch. 11-Outer distal spine on second exopodal segment of leg 2 
(Score 0= present, 1= absent) 
Comment: present in P. mimus only. 
Ch. 12-Outer distal spine on terminal exopodal segment of leg 3. 
(Score 0= present, 1= absent) 
Comment: present only in P. mimus. 
Ch. 13-Inner proximal seta on second endopodal segment of leg 3. 
(Score 0= present, 1= absent) 
Comment: the apomorphy is shared by P. mimus and P. remulus. 
Ch. 14-Outer spine on first exopodal segment of leg 4. 
(Score 0= present, 1= absent) 
Comment: the apomorphy is shared by P. lagoonaris and P. inflatus. 
Ch. 15-Outer distal spine on terminal exopodal segment of leg 4. 
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(Score 0= present, 1= absent) 
Comment: present only in P. mimus and P. remulus. 
Ch. 16-Inner proximal seta on second endopodal segment of leg 4 
(Score 0= present, 1= absent) 
Comment: the apomorphy is shared by P. mimus and P. remulus. 
Ch. 17- maxilliped in female 
(Score 0= present, 1= absent) 
Comment: the apomorphy is shared by all species of the family Ergasilidae. 
6.4.3.2 Cladistic analysis 
The PAUP options employed in the following analysis are: search = BRANCH 
AND BOUND. Character setting IRREVERSIBLE-UP. The analysis produced three 
equally parsimonious trees, with tree length = 27, CI = 0.63. 
The topology of trees 1 and 2 is similar except for P. inflatus and P. minutus 
which cluster on the same Glade (B) but exchange position on subsidiary clades (Figure 
6.23,6.24). In contrast tree 3 groups P. inflatus, P. minutus and P. reductus in a 
trichotomy on the same Glade (B), with P. lagoonaris as their sister group (Figure 6.23). 
Trees 1 and 2 show more resolution on Glade B, so tree 2 was chosen to explain the 
phylogenetic relationships of Paraergasilus species. 
Tree 2 (Figure 6.24) shows a basal dichotomy: 
Clade I. The P. mimus-P. remulus lineage is defined by the lack of the inner proximal 
and second inner setae on third exopodal segment of leg 1, the lack of an outer spine on 
the second exopodal segment of leg 2, and the lack of the inner proximal seta on the 
second endopodal segment of legs 2,3 and 4 (node 24-23, chs. 3,4,10,13,16). 
Clade II. P. lagoonaris-P. dichotomus is defined by the lack of the outer spine on the 
second exopodal segment of legs 2 and 3, the lack of the outer distal spine on the third 
exopodal segment of leg 2, and the lack of the outer distal spine on the third exopodal 
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segment of legs 3 and 4 (node 24-22, chs. 8,9,11,12,15). This Glade comprises two 
subgroups: 
A- P. rylovi-P. dichotomus Glade is defined by the lack of the inner proximal seta 
on the third exopodal segment of leg 1 (node 22-21, ch. 3). Within this Glade, P. curtus- 
P. dichotomus group is defined by sharing the apomorphic branched inner claw on the 
antenna (ch. 2). Whereas the P. rylovi-P. medius group is defined by the presence of 
apomorphic posterolateral stylets on the cephalothorax (node 21-19, ch. 1). 
B- P. lagoonaris-P. reductus Glade is defined by the lack of the outer spine on 
the third exopodal segment of leg 1 and by the outer membrane on the distal segment of 
leg 1 (node 22-18, chs. 5,7). 
The host summary cladogram of Paraergasilus (figures 6.25,6.26) indicates that 
the Glade comprising the two new species, P. curtus and P. dichotomus, and P. inflatus 
occurred on Mugilidae. This indicates that they probably colonized grey mullet 
independently twice: once by the ancestor of P. curtus and P. dichotomus and once by 
the ancestor of P. inf latus. 
Paraergasilus occurs on hosts of ten other families of fresh and coastal water 
fishes including the Cichlidae, Cyprinidae, Belonidae and Sparidae. It is probable that the 
ancestor of the three Paraergasilus species occurred on Cyprinidae, and clustered on the 
same Glade, had already colonized that family. The genus Paraergasilus exhibits low 
specificity at the level of host family, and switching hosts has probably resulted in the 
utilization of such a wide range of hosts. As shown in (Figure 6.14), Paraergasilus 
occurs in eastern Asia on five host families of fresh water fishes, but mainly on 20 species 
of Cyprinidae. In the Indo-Pacific and in the Indian oceans Paraergasilus has colonized 
other coastal water fishes, such as members of the Belonidae, Mugilidae and Sparidae. 
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Tree number 1: 
/---------- P. lagoonari 
/-------16 
\---------- P. inflatus 
/--------18 
/---------- P. minutus 
-------17 
---------- P. reductus 
/---------- P. rylovi 
/--------22 I---------- P. brevidigitus 
/-------19 
I---------- P. longidigitus 
---------- P. medius 
--------21------------------- P. dentatus 
/-------24 ------------------- I P. acanthopagri 
/---------- P. curtus 
\-------20 
---------- P. dichotomus 
---------25 
/---------- P. mi*mus 
\---------------------------23 
---------- P. remulus 
------------------------------------------------ H. acanthophorus 
Tree number 3: 
/------------------- P. lagoonaris 
/--------17 /---------- P. inflatus 
-------16---------- P. minutus 
---------- P. reductus 
/---------- P. rylovi 
/--------21 I 
I---------- P. brevidigitus 
/-------18 
I---------- P. Iongidigitus 
---------- P. medius 
--------20------------------- P. dentatus 
/-------23 
------------------- P. acanthopagri 
/---------- P. curtus 
-------19 
---------- P. dichotomus 
---------24 /---------- P. mimes 
\---------------------------22 
\---------- P. remulus 
------------------------------------------------ 
H. acanthophorus 
Figure 6.23 Trees number 1&3 of Paraergasilus obtained from the Branch and Bound 
analysis. 
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Tres number 2: 
/---------- P. lagoonaris 
/-------16 
\---------- P. minutus 
/--B-----18 
/---------- P. inflatus 
-------17 
---------- P. reductus 
/---------- P. rylovi 
I---------- P. brevidigitus 
/-------19 
---------- P. longidigitus 
1I \---------- P. medius 
\-A------21------------------- P. dentatus 
/-------24 I------------------- P. acanthopagri 
/---------- P. curtus 
\-------20 
\---------- P. dichotomus 
---------25 I 
/---------- P. mimes 
\----I-----------------------23 
---------- P. remulus 
------------------------------------------------ H. acanthophorus 
Character change lists: 
Character CI Steps Changes 
1 0.500 1 node 21 0 =_> 1 node 19 
1 _ node 23 0 =_> 1 P. mimus 
2 1.000 1 node 21 0 =_> 1 node 20 
3 0.250 1 node 16 0 =_> 1 P. minutus 
1 node 18 0 =_> 1 node 17 
1 node 22 0 =_> 1 node 21 
1 _ node 24 0 =_> 1 node 23 
4 0.500 1 _ node 17 0 =_> 1 _ P. inflatus 
1 node 24 0 =_> 1 node 23 
5 1.000 1 _ node_ 22 0 =_> 1 _ node 18 
6 1.000 1 node 18 0 =_> 1 node 16 
7 1.000 1 node 
_22 
0 =_> 1 node 18 
8 0.500 1 node 
_24 
0 =_> 1 node_22 
1 node 23 0 =_> 1 P. remulus 
9 0.500 1 node 24 0 =_> 1 node_22 
1 node 23 0 =_> 1 P. remulus 
10 1.000 1 node 
_24 
0 =_> 1 node_23 
11 0.500 1 node 
_24 
0 =_> 1 node_22 
1 node 23 0 =_> 1 P. remulus 
12 0.500 1 node _ _24 
0 =_> 1 node - 
22 
1 node 23 0 =_> 1 P. remulus 
13 1.000 1 node 
_24 
0 =_> 1 node 
- 
23 
14 0.500 1 node 16 0 =_> 1 P. lagoonaris 
1 node 17 0 =_> 1 P. inflatus 
15 1.000 1 node 
_24 
0 =_> 1 node 
- 
22 
16 1.000 1 node _24 
0 =_> 1 node - 
23 
17 1.000 1 node _25 
0 =_> 1 node_24 
Figure 6.24 Tree number 2 of Paraergasilus obtained from Branch and Bound analysis, 
and the character change list. 
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/---------- P. lagoonaris (Africa) 
---------- P. minutus (Africa) 
/---------- P. inflatus (Iraq) 
---------- P. reductus (India) 
/---------- (USSR) 
II 
/---------I I---------- P. brevidigitus (China) 
I----------. P. longidigitus (China) 
\---------- P. medius (China) 
I 
\---------I------------------- P. dentatus (India) 
/--------I I------------------- P. acanthopagri (Australia) 
/---------- P. curtus (W. Australia) 
\---------- P. dichotomus (E. Australia) 
I---------- P. mimna (China) 
---------------------------- 
---------- P. remulus (Cambudia) 
-------------------------------------------------Out group 
Figure 6.25. Distribution of host families of Paraergasilus. Mugilidae, Cichlidae, 
Cyprinidae, 
, 
Gobiidae, Sparidae. 
/---------- P. lagoonaris (Africa) 
---------- P. minutus (Africa) 
/---------- P. inflatus (Iraq) 
\---------- P. reductus (India) 
/---------- P. rylovi (USSR) 
/---------I I---------- P. brevidigitus (China) 
---------- P. longidigitus (China) 
IIII 
---------- P. medius (China) 
I 
1 \---------I------------------- P. dentatus (India) 
1I 
------------------- P. acanthopagri (Australia) 
I 
/---------- P. curtus (W. Australia) 
I \---------- P. dichotomus (E. Australia) 
I /---------- P. m; mus (China) 
---------------------------- 
\---------- P. reiaulus (Cambudia) 
-------------------------------------------------Outgroup 
Figure 6.26. Distribution of other host families of Paraergasilus. Cyprinodontidae, 
Siluridae, Bagridae, Belonidae, and Mugilidae. 
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6.5 DISCUSSION: 
The land surface of the world has been divided into six zoogeographical regions 
on the basis of the distribution pattern of groups of animals and plants: 
1. Nearctic: North America, except the tropical part of Mexico 
2. Neotropical: South and central America, with the tropical part of Mexico. 
3. Palaearctic: Eurasia above the tropics, with the northern corner of Africa. 
4. Ethiopian: Africa (except the northern corner), and southern part of Arabia. 
5. Oriental: Tropical Asia, with associated tropical islands. 
6. Australasian: Australia, New Zealand, New Guinea and the Pacific islands. 
The geographical distribution of the Ergasilidae recorded on grey mullet covers all six 
biogeographical regions. 
Diergasilus was recorded on hosts from the eastern Palaearctic and Oriental 
regions (Japan and Taiwan). The preferred host is M cephalus, Liza macrolepis and 
milkfish, Chanos chanos. The ancestor of Diergasilus probably colonized mugilids as 
hosts. 
Ergasilus is a cosmopolitan genus, it parasitizes numerous hosts, covering all six 
biogeographical regions. E. lizae was considered to be a cosmopolitan species, but the 
detailed analysis presented here suggests that it is confined to the Palaearctic, Nearctic 
and Neotropical regions (Figure 6.13). Records of E. lizae from India and Australia need 
to be verified. The E. lizae group of closely related species was not recorded from the 
Oriental and Australasian regions. E. lizae has been reported from hosts representing 16 
host families in addition to the Mugilidae (Figure 6.13). It exhibits very low specificity, 
although the Mugilidae seem to be the preferred host family. 
Nipergasilus is associated with six species belonging to four genera of Mugilidae. 
Its distribution is confined to the Palearctic and Oriental regions. The close association of 
this monotypic genus with mugilids suggests that its ancestor occurred on mugilids. 
The three mesoparasitic genera, Therodamas, Mugilicola and Paeonodes are 
distributed in all the biogeographical regions except the Nearctic and the Palaearctic 
regions (Figure 6.15). Therodamas occurred on hosts from the Neotropical region only. 
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Two species only were recorded on mugilids, they also utilized fish hosts of other five 
different families (Figure 6.15), which reflects low levels of host specificity. From the 
topology of the main phylogenetic analysis in chapter 5 (Figure 5.9), it is inferred that 
Therodamas colonized mugilid hosts twice. 
Mugilicola is distributed on hosts of three families, but is most closely associated 
with the Mugilidae. Mugilicola species parasitize eight species belonging to three genera 
of Mugilidae (Liza, Valamugil, Myxus) in the Ethiopian, Oriental and Australasian 
regions (Figure 6.15). The close association with Mugilidae reflects a high specificity to 
the Mugilidae as a family, but relatively low specificity at the generic and specific levels. 
The ancestor of Mugilicola was probably parasitic on a mugilid host. 
Paeonodes was found on hosts of three different families including the Mugilidae, 
distributed in two geographical regions, the Ethiopian and Australasian. The new 
Paeonodes species was found on only one host species of Mugilidae. It may represent an 
independent colonization of Mugilids as hosts. 
Acusicola is found only on hosts from the Neotropical region. The phylogenetic 
relationship of Acusicola species is related to their distribution, the A. spinuloderma-A. 
mazatlanesis Glade comprising three closely related species and found in Central America 
and Mexico. A. tenax is their sister group and was recorded from Texas and Guatemala. 
The members of the A. cunula-A. rotunda Glade were all recorded on hosts from Brazil. 
The A. spinuloderma-A. mazatlanesis Glade occurred on Mugilidae (Figure 6.19), their 
common ancestor presumably colonized mugilid at least once in Central America. 
Species on other hosts (Anchovies, Herrings, Needle fishes, Cichlidae) are recorded from 
many localities in Brazil, mainly in the Amazonian region. It is likely that the genus 
originated in Amazonia and dispersed to Central America (Figure 6.11). The absence of 
Acusicola from the eastern coast of the Atlantic indicates that this genus originated after 
the opening of the Atlantic. 
Dermoergasilus distribution is confined to the Old World, extending through the 
Palaearctic, Oriental, Australasian and Ethiopian regions. It does not exist on hosts from 
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the New World (Figure 6.12). Dermoergasilus species were recorded in the present 
work on three species of grey mullet belonging to four genera. 
The host family cladogram of Dermoergasilus (Figure 6.21) suggests that the 
ancestral stock of Dermoergasilus utilized mugilids as hosts and that their occurrence on 
coastal water fishes of other families such as the Sparidae and Belonidae, is probably the 
result of having switched hosts from mugilids. Dermoergasilus occurred on 11 different 
host families (Figure 6.12). Such a wide diversity of hosts reflects a low degree of host 
specificity. The distribution of Dermoergasilus shows that this genus occurs on 
Mugilidae in the Western Pacific (Russia, Japan), Indo-Pacific (Philippines, Australia) 
and Indian Ocean (Burma, India, S. Africa). This distribution pattern suggests that the 
core group of the genus Dermoergasilus radiated on mugilids and successfully colonized 
other coastal water fishes such as Belonidae, Sparidae, Clupeidae, Hemiramphidae. 
Paraergasilus distribution was related to hosts from the eastern Palaearctic, 
Oriental and Ausralasian regions. Paraergasilus has not been recorded on any host from 
the Nearctic or Neotropical regions. The cladogram of Paraergasilus (Figure 6.24) 
shows a close relationship between the inferred phylogenetic relationships between some 
species and their biogeography. For example, P. mimus and P. remulus are sister species 
and both occurred in the Oriental region; P. curtus and P. dichotomus are also sister 
species and both occur in Ausralasian region. The four closely related species P. rylovi, 
P. brevidigitus, P. longidigitus and P. medius clustering on the same Glade, occurred in 
the Palaearctic and part of the Oriental region. All of them occurred on the same host 
family (Cyprinidae) except P. rylovi which is also found on molluscs and free in plankton 
samples. P. lagoonaris and P. minutus are sister species, and both occurred on the same 
host family from the Ethiopian region (west and east Africa). 
The host summary cladogram of Paraergasilus (Figure 6.24) indicates that 
Paraergasilus probably colonized grey mullets twice independently, once by the 
common ancestor of the two new species and once by the ancestor of P. inflalus. 
Paraergasilus also parasitized ten families (other than Mugilidae) of fresh and coastal 
water fishes, including the Cichlidae, Cyprinidae, Belonidae and Sparidae. The genus 
Paraergasilus exhibits low specificity at the level of host family. It occurs in eastern Asia 
on five host families of fresh water fishes, but mainly on 20 species of Cyprinidae. In the 
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Indo-Pacific and in the Indian oceans Paraergasilus, radiated and colonized other coastal 
fish hosts, such as Belonidae, Mugilidae and Sparidae. 
Excluding consideration of Ergasilus, it is possible to identify a total of ten 
independent colonization events of mugilids as hosts (one each in Diergasilus, 
Nipergasilus, Dermoergasilus, Mugilicola, Paeonodes and Acusicola, and two each in 
Therodamas and Paraergasilus). The species of Ergasilus generally form unstable clades 
in the phylogenetic analysis of the family (see chapter 5) but the genus is clearly 
polyphyletic and from the topology of Figure 5.9, it can be estimated that as many as 
seven independent colonization events (of mugilids as hosts) have taken place. However, 
one of these colonizations is the lineage including Dermoergasilus and Nipergasilus, 
both of which occur predominantly on mugilid hosts. It is proposed here to regard this 
entire lineage from Dermoergasilus amplectens to Ergasilus barbi as derived from an 
ancestor that utilized mugilids as hosts. The total number of colonizations in the family is 
therefore estimated here at fifteen (Figure 6.27). 
It could be concluded that the Ergasilidae exhibit a relatively loose relationship 
with grey mullet as a host taxon and are of little use as an indicator of their host 
phylogeny (as indicated by the host summary cladogram, although the phylogenetic 
relationships of family Mugilidae have not been studied yet using cladistic technique). It 
is obvious that their association with grey mullet as hosts is the net result of host 
colonization (switching hosts) and coevolution. However, the phylogenetic signal is 
relatively weak. The association of Ergasilidae with their hosts is more an ecological 
association than a coevolutionary association. This finding agrees with Cressey & 
Collette (1970) in their study of the host specificity of copepods occurring on 
needlefishes. They found little evidence of host specificity in the ergasilid copepods of 
freshwater needlefishes. Most ergasilids found on needlefishes are restricted to one host 
species because only one is available. When there are more hosts, more are utilized. 
The Ergasilidae does not closely follow any of the three rules governing 
evolution of parasites with respect to their hosts. Fahrenholz's rule states that the 
classification of some groups of parasites parallels that of their hosts, which 
implies that 
the evolution of hosts and parasites must have been in parallel. The second rule which 
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states that "primitive" hosts are parasitized by "primitive" parasites and "specialized" 
hosts by "specialized" parasites, also does not apply to the Ergasilidae. Acusicola which 
is a derived genus parasitizes four host species of the primitive subfamily 
Agonostominae. Whereas Paraergasilus which is considered the most primitive genus of 
the family Ergasilidae (Amado et al., 1995), parasitized hosts of derived genera such as 
Liza, Valamugil and Mugil, of the derived subfamily Mugilinae. According to the third 
rule, Eichler's rule, large host groups have more genera of parasites than small groups, 
or isolated groups of hosts often do not harbour many kinds of parasites, but the isolated 
hosts of Liza abu in south Iraq and Valamugil seheli in Sri Lanka, harboured six species 
of ergasilids belonging to four genera and five species belonging to three genera, 
respectively. The Ergasilidae appears to be non-specific parasites which infect their hosts 
irrespective of their phylogenetic status (Rohde, 1993). 
The often close correspondence of host and parasite evolution (Fahrenholz's 
rule) permits the use of parasites as possible indicators of the phylogenetic relationships 
of their hosts. Brooks (1977,1985) demonstrated the applicability of cladistic analyses in 
host-parasite coevolution studies. The non-random association between host-parasite 
systems has led many evolutionary biologists to conclude that parasites should be able to 
function in some way as indicators of the biogeographic histories and phylogenetic 
relationships of their hosts. Deets (1987) examined the coevolution of parasitic copepods 
and their chondrychthyan hosts. He constructed a phylogenetic cladogram for the 
Kroyeriidae (Siphonostomatoida) and proposed a new genus Prokroyeria which is the 
sister group to the remaining taxa, comprising Kroyerina and Kroyeria. The parasite- 
derived or host summary cladogram of the chondrichthyans infected by the Prokroyeria- 
Kroeryerina complex was produced by replacing the names of terminal taxa from the 
parasite cladogram with their respective hosts. Prokroyeria was associated with the 
Holocephala. According to Maisey (1984), who cladistically analyzed major 
chondrichthyan groups, the Holocephala represents a plesiomorphic lineage relative to 
the extant elasmobranchs (with which the other two derived genera are associated). 
Deets & Ho (1988) examined a second example of coevolution in copepods. They noted 
that the Eudactylinidae (Siphonostomatoida) typically parasitized elasmobranchs but has 
colonized teleosts twice, on independent occasions. 
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